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ORIGINAL ARTICLES 

THE NATURE OP GRAVES’ DISEASE WITH SPECIAL REFERENCE 
TO ITS OPHTHALMIC COMPONENT* 

By J. H. Means, M.D. 

JACKSON PBOFESSOB OF CLINICAL MEDICINE, HABVABD TJNIVEHSITY; CHIEF, MEDICAL 
SEBVICES, MASSACHUSETTS GENEBAL HOSPITAL, BOSTON, MASS. 

(From the Thyroid Clinic of the Massachusetts General Hospital) 

Around the turn of the IStli century there practiced in that charming 
little English city of Bath, made vivid for us by Booth Tarkington in 
his “Monsieur Beaucaire,” a popular, fashionable but likewise astute 
physician, one Caleb Hillier Parry. 

Like most of the great clinicians of the 18th and 19th centuries, 
Parry was not only a keen observer, but in addition an eloquent 
recorder of what he observed. On one occasion, for example, he 
wrote, “There is one malady which I have in five cases seen coincident 
with what appeared to be enlargement of the heart, and which, so far 
as I know, has not been noticed, in that connection, by medical writers. 
The malady to which I allude is enlargement of the thjToid gland.” 
In further description of one of these. Parry states, “The eyes were pro- 
truded from their sockets, and the countenance exhibited an appear- 
ance of agitation and distress especially on any muscular exertion, 
which I have rarely seen equalled.” Of the heart action he notes, 
“ Each systole .... shook the whole trunk of the body.” 

Parry V’’ is the first adequate description of tliis disease, and it 
should by rights be called after him. Posterity has ordained, however, 
that the honor should be bestowed on others. In the English-speaking 
countries it falls to Robert Graves,'® of Dublin, and in Germany, to 
von Basedow,"' who was the last of the three to describe it. However, 
a more complete description of the e 3 "e phenomena was given bj- 
von Basedow than b}”^ either of the others. 

You maj’^ rvell ask, make use of an epon^'m at all? M}'^ replj^ 
is that an etiologic label is still impossible because the etiologj’’ is 
unknown, and furthermore because I know of no descriptive term 
broad enough to fit all the cases which I believe come within the 
clinical entitv. “E.xophthalmic goiter” is not adequate because there 

♦ A lecture delivered before the Alpha of Tennessee Chapter of Alpha Omega Alpha, 
\ anderbilt University, Januarj’ 29, 1943. 
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JIEANS: THE NATURE OF GRAVES’ DISEASE 


is not always exophthalmos. There is not always goiter. “Toxic 
goiter” will not do for they are not always toxic. Graves’ disease it 
still has to be. Within the group so termed, I shall include those cases 
of th^Totoxicosis with diffuse hyperplasia of the thjToid, with or with- 
out the tj^ie of ophthalmic involvement de.scribed by Parry, Graves 
and Basedow, and those cases with the characteristic ophthalmic 
involvement whether or not they be accompanied bj'- thyrotoxicosis. 

In other words, whereas the classic picture of , Graves’ disease 
includes both toxic goiter and certain peculiar ophthalmic manifesta- 
tions, there are also certain cases belonging, I am sure, within the 
clinical entity, in which there is characteristic ophthalmic involvement 
with but little or no accompanjdng thjrrotoxicosis. There may actu- 
ally be hypothjToidism. colleagues and of late, have 

adopted the practice of subdividing our cases of Graves’ disease into 
the classic tj’pe and the special ophthalmopathic type.* The latter 
includes what have variously been called in the literature “malignant 
exophthalmos,”®^ “exophthalmic ophthalmoplegia,”®-*® “progressive 
postoperative exophthalmos with low basal metabolic rate,”*® and so 
forth.®®-®*'®®-®®-®® In the classic type, thjTotoxicosis and eye involve- 
ment are both present, and as the disease progresses the intensities of 
the two varj' in parallel. Furthermore, in the classic type, the thyro- 
toxicosis is, from the therapeutic point of view, the major consideration. 
If it is relieved, the eye condition usually improves also without special 
treatment. 

In the special ophthalmopathic type, on the other hand, the ophthal- 
mopathy in its progression .seems divorced or dissociated from the 
thjTotoxicosis; and from the therapeutic point of view the ej^es, .not 
the thjTotoxicosis, provide the chief indication for treatment. 

I do not wish to implj'^ that a sharp line can be drawn between the 
classic and special ophthalmopathic tjqies of Graves’ disease. Indeed, 
in a single case the picture maj’ proceed from one type to the other, 
and in another case perhaps the subdivision cannot be made at all. 
However, there are cases, or stages in cases, where the subdivision can 
be made with ease, and I shall trj^ to e.stablish that it is of both phj'sio- 
logic interest and therapeutic importance to make it. 

Etiology. lyet us consider now for a few moments the general nature 
of Graves’ disease. Is it infectious, neoplastic or a deficiency sjui- 
drome? Presumablj" none of these. ^^Tiat then? About all that can 
be said is that it is a breakdown of that balance of hormonic action 
Avhich is necessarj' to the maintenance of health. We used to think 
of it in terms of disturbed thj'roid function alone. Since the discoverj" 
of the thjToid stimulating hormone of the pituitarj^ (TSH) it has been 

* An ophthalmologic colleague ha.s objected to mj- u.se of "ophthalmopathic” on the 
ground that such an adjective refers to the eyeball rather than to the orbit. I find, 
however, that means eye, and that eye means the organ of vision. Since wo 

have a separate word eyeball, eye mu.st be more inclusive, and I regard it as proper to 
use the word as including the eyeball’s adnexa as well as the globe itself. Also I am 
impressed by the fact that ophthalmologists in caring for patients include the adnexa 
within their field. Furthermore, it is to be noted that for years the term “eye signs” 
has been used with reference to all the ocular manifestations of Graves’ disease. If eye, 
then why not ophthalmic? and if ophthalmic, why not ophthalmopathic? 
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evident that the pituitary, at least, among the other endocrines is 
also concerned in the morbid phj’^siology of Graves’ disease. But this 
is not all, for it has been shown that there are changes in the thymus, 
the musculature, and in the lymphatic and reticulo-endothelial systems 
as well. Altogether it is a complicated derangement. 

Wliat causes the breakdown? "Why do some persons suffer from it 
and others not? It has been thought that shocking experiences, 
stresses and strains of living in one way or another pull the trigger and 
cause the explosion which is the disease. Certainly it is true that one 
can frequently get histories in which what may be called psychic 
traumata are rapidly followed by the development of the disease. 
So too, as Hertz and Means^- have shown, metabolic insults such as 
rapid and great weight loss, intentional or otherwise, may act in similar 
fashion. However, in many other cases no such history can be elicited 
and the onset is gradual and insidious instead of explosive. Further- 
more many persons, most in fact, sustaining such impacts do not 
develop Graves’ disease. Instead they may develop peptic ulcer, 
fiypertension, ulcerative colitis or a psychosis. 

This makes one think that in addition to a precipitating factor it is 
necessary, for the production of Graves’ disease, also to ha^^e a predis- 
posed individual. How predisposed? By heredity? Perhaps. Cer- 
tainly it is not uncommon to find families with a high incidence of 
Graves’ disease running through several generations. But these are 
greatly outnumbered by those cases in which no family story can be 
obtained, hly own guess is that Graves’ disease represents a break- 
down under stress or strain in a given individual’s weakest part. Onlj'- 
a few of us are like Oliver Wendell Holmes’ “One Horse Shay” in 
Avhich every part was made just as strong as every other part so that 
no part could give out before another. The result, as you should 
recall, was that the whole affair suddenly completely disintegrated 
after 100 years of use. This is analogous to the nonagenarian who 
passes away peacefullj'- without any evidence of disease. 

Most of us are not built that way. According to the nature of our 
constitutions one of us may fail to adjust to his environment in his 
endocrine system and develop Graves’ disease, another in his gastro- 
intestinal tract and develop an ulcer, yet a third in his circulatory 
s.vstem and dcA'elop irritable heart or effort sjmdrome. 

Very recently I saw identical twin girls of 10. Cjmthia had devel- 
oped definite, but mild, classic Graves’ disease. Carol was apparently 
quite normal. AWiy, with identical constitutions and environments, 
had they not either both developed the disease, or neither. The only 
clue I could get was in the mother’s statement that Cynthia had been 
infested with and treated for roundworms of some sort just prior to the 
development of her Graves’ disease, while Carol had escaped. I am 
rather expecting, however, to hear that Carol has developed the disease 
also. In passing, it is interesting to note that Cynthia, in the few 
months she had been ill, had gained an incli and a half in height over 
her sister. This growth acceleration in tlnvotoxic children was pointed 
out by Hertz and Galli-jMainini-^ in 1941. 
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The onset and the course of Graves’ disease are most variable. Time 
will not permit even an enumeration of the various patterns. I shall 
merely remind you that it may start with either thyrotoxic manifesta- 
tions or ophthalmic, or with the two simultaneously. The onset may 
be abrupt or gradual. There may be one or more spontaneous remis- 
sions and relapses. There is a definite tendency for the disease to be 
self-limited. It tends, as we say, to burn itself out. The total dura- 
tion may be only months, or it maj'- be, if untreated, many years. It 
may occur in either sex and at any age. Sometimes it goes into a low- 
grade, chronic form. 



Morbid Physiology. Of the morbid physiology of Graves’ disease 
more is known than of its etiology. 

The thyroid gland is certainly under abnormal stimulation. In 
many instances, it delivers to the blood stream an excess of its hor- 
mone. HyperthjToidism results. This is manifested clinically by the 
familiar sjunptoms of thyrotoxicosis, and in the laboratoiy by increased 
basal metabolic rate and elevation of the protein-bound iodine in the 
blood. Histologically it is manifested by high columnar epithelium. 

The nature of the stimulus to the thyroid is not clear. For years 
it was thought to be nervous. But now, I think, the weight of evidence 
is against any direct nervous stimulation of thyroid cells to secrete. 
It is clear, of course, that the anterior pituitary makes a thjToid 
stimulating principle (TSH) and that the administration of this 
material will cause hj'perthjToidism in animals and man, indeed, a 
good imitation of Graves’ disease, because exophthalmos may be 
produced as well. There is also good evidence that the thyroid hor- 
mone suppresses the action of the pituitary with respect to the pro- 
duction of that lack of it stimulates it'® and thus emerges 

a balance between the two glands to which Salter®® has given the 
term “pituitary-thjToid axis.” Furthermore Galli-Mainini*® has made 
observations, in vitro with the Warburg apparatus, which indicate 
that the thjToid hormone inhibits the thjToid cells also. That is to 
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say, as the concentration of thjToid hormone rises in the blood, a 
depressing action will be exerted on the thjToid cell. This work is 
yet to be confirmed. 

The role of the pituitary in clinical Graves’ disease is far from 
established. There has been some tendency to regard the disease as 
primary hyperpituitarism with secondary hyperthjToidism. That 
this is an accurate conception, I think doubtful. There is no evidence 
that the anterior lobe is commonly hyperplastic in Graves’ disease 
and only inconclusive evidence that there is an excess of TSH in the 
blood. However, even so, the gland may be putting out an increased 
quantity because the blood level of TSH would not disclose its rate 
of manufacture, but merely the relation between rate, of entry and 
departure from the blood stream. 



Fig. 2. — The pituitary-thyroid axis. In the left-hand diagram, as shown by arrows, 
a normally stimulated hypothalamus, H., stimulates, in normal degree, the anterior 
pituitarj’, A.P., to secrete its hormone which stimulates the thyroid gland, T., to make 
its hormone which stimulates all tissue cells and causes an elevation in their metabolic 
rate. As further slwwn by arrows, the thyroid hormone also inhibits the A.P. and the 
thyrotropic hormone of the A.P. is believed to play some sort of direct role in the deter- 
mination of the volume of orbital contents. In the central diagram, as shown by the 
heavier arrows, everything is intensified all around. The thyroid enlarges and hyper- 
functionatos, the ophthalmopathy develops. This is illustrative of what is believed to 
occur in classic Graves' disease. In the right-hand diagram we have the same, until the 
thyroid is reached. This gland, for reasons unknown, fails to respond to pituitarj’ 
stimulation, at least to the same degree, luTierthyroidism is not produced, but the 
ophthalmopathy develops and progresses perhaps because sufficient inhibition of A.P. 
by T. is lacking. This is the state of affairs believed to exist in the ophthalmopathic 
typo of Graves’ disease. 

If the mode of action of TSII on the thyroid cell be learned, light 
may be throvm on the nature of Graves’ disease. Rawson” and his 
collaborators have made some important observations in this connec- 
tion. In the first place, they found that if TSH be exposed as part 
of a substrate to thjToid cells growing in tissue culture, its physiologic 
activity is lost, riiis loss, however, they were able to show further, 
is the result of inactivation, not of degradation, of the hormone, 
because if treated with mild reducing agents such as glucose or vita- 
min C at the right temperature and pH, the physiologic activity could 
be restored. The hormone, under such circumstances is reactivated. 
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Physiologic activity is assayed by injecting the test material into day- 
old chicks and measuring the cell height of their thyroid epithelium. 
It looks, in other words, as though TSH affects the thjToid cell by 
acting as a catalyst on its oxidative enzyme system. 

Rawson®^ also, by his tissue culture method, has observed the 
inactivating properties of various types of goiters removed surgicallj^ 
from patients. He finds that the thjrroid tissue of thyrotoxic patients 
inactivates nearly all of the TSH added to the substrate, whereas equal 
amounts of normal thyroid tissue, obtained while operating on persons 
with parath}Toid tumors, inactivates only one-half as much as that 
inactivated by the glands of thyrotoxic persons. In the case of non- 
toxic nodular goiters, there is no inaetivation of TSH at all. 

Some years ago. Hertz and Oastler** studied the thyrotropic activity 
of urine. In certain cases of mjocedema they found a considerable 
amount, in normal persons only a slight amount, and in thjTotoxic 
patients none at all. 

Rawson^^ has made similar observations, but in addition has studied 
both heated and unheated urine. The effect of heating is reduction, 
because urine contains various reducing agents, such as vitamin C and 
glucose. 

In unheated urines the thyrotoxic persons, Rawson, like Hertz and 
Oastler, found no thjTotropic activity. After heating, however, a 
considerable thjTotropic activity developed. In the urine of normal 
persons, slight thjTotropic activity was found in the unheated, some- 
what more in the heated, but less than in the cases of thjTotoxicosis. 
In persons with low metabolic rates, the unheated urine showed the 
most thjTotropic activity of all. In other words, the thjToid gland of 
persons with thjTotoxicosis has an increased power to inactivate TSH, 
and the greater total amount found in such cases suggests that there 
may be a greater production of TSH by the anterior pituitary. 

In 2 cases of the special ophthalmopathic type of Graves’ disease, 
Rawson found high TSH activity in the unheated urine. He con- 
cluded that in these, as in the thyrotoxic tjqie, the anterior pituitary 
overacts with regard to TSH secretion, but for some reason unknown, 
the thyroids in these cases cannot respond to it, and TSH in conse- 
quence gets by, not inactivated, to be excreted in the urine. 

Another approach to thjToid physiology has been provided by Hertz 
and his co-workers.*^“-® This depends upon the use of artificially 
radioactive iodine, which can be used in a tracer method of studying 
the function of the thyroid gland. The thyroid hormone contains 
iodine, and it is an ingredient essential to physiologic activity; there- 
fore, thjToid cells in order to produce the hormone must have a supplj" 
of iodine. Lacking this, be the tissue ever so hyperplastic, no physio- 
logically active thjToid hormone can be produced. Cyanates, for 
example, have been found to interfere, in some way not yet com- 
pletely understood, with the elaboration of the thyroid hormone, and 
we have obtained a biopsy in the case of a man who developed a goiter 
while receiving potassium sulfocyanate as treatment for hypertension. 
The thjToid was wildly hyperplastic, but the patient was hjqiothyroid 
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By means of the radioactive (labeled) iodine, it has been found that 
the hyperplastic thyroid collects administered iodine at a much faster 
rate than does the normal, and this holds whether the increased effort 
of the thjToid cells to make hormone is the result of stimulation by 
TSH or through some other agency, such as a stoppage or bottleneck in 
the assembly line of hormone production, which is what we concei^^e 
happens in the case of cyanates and some similar substances. 

Of thjToid physiology in Graves’ disease at least it can be said that 
the cells of the th;s'Toid are hjTierfunctioning, or trying to hyperfunc- 
tion, and that a factor in this functional alteration is an increased 
ability to inactivate TSH. It is to be presumed that the anterior 
pituitary, even though not visibly hyperplastic, makes an increased 
amount of TSH, because an increased amount, as compared with the 
normal, is found in the inactivated form in the urine. 

Thus in Graves’ disease we have evidence of an increased flow of the 
hormone which stimulates the thyroid, an increased avidity of the 
thjToid for iodine, a necessary ingredient of its hormone, and an 
increased flow of thjToid hormone which inhibits the pituitary. The 
pituitary-thyroid axis is geared at a higher Ie^'el. Where the factor 
that causes this shift impinges on the axis, is not clear. Perhaps it is 
in the form of a nervous influence routed through the hj^pothalamus 
to the anterior lobe. Also other endocrines maj" play some minor role. 

Ophthalmic Component. Let us now focus on the ophthalmic com- 
ponent of Graves’ disease, indulge, in fact, in a little of what might be 
called endocrinologic ophthalmology. 

In the 19th century there were many and excellent descriptions of 
the disease in general and of the eye signs in particular. Parry had 
noted the wild, staring appearance and the protrusion of the eyeballs. 
Von Basedow had linked proptosis or exophthalmos, violent heart 
action and goiter as the essential framework of the syndrome. After 
his home town, it came to be known in Europe as the jMerseberg triad. 
The names of various ophthalmologists and others became attached to 
various special manifestations that accompanied the protrusion: 
Dalrymple’s sign being retraction of the upper lid; ^mn Graefe’s, lag 
of the lid behind the globe in downward rotation; Stellwag’s, widening 
of the palpebral slits and infrequent wrinkling; Moebius’ sign, difficulty 
in converging the e^’^eballs in attempting to fix near objects; Jellinek’s 
sign, pigmentation of the eyelids; Kocher’s sign, in upward rotation, 
movement of the lid ahead of the e3’’eball (this sign is practicallj" 
A’on Graefe’s in reverse, perhaps we maj”- be permitted to call it globe 
lag); and Jofl'ro3''s sign, absence of brow VTinkling on upward gaze 
with head lowered. 

To this galaxj" of 19th centur,y epon^nnousl.y labeled manifestations 
we may add yet others, which more recently have seemed important, 
such as edema of the ej-elids, chemosis or edema of the global con- 
junctiva, ulceration of the cornea, epiphora, and visual defects such 
as diplopia, diminution in acuitv of vision and (found b.v us in 1 case 
onlj') bitemporal hemianopsia. 

I should like to make it clear that, in case-taking, there is no A’irtue 



8 


means; the nature of graves’ disease 


in merely recognizing and recording individually certain sonorously 
named ej^e signs. Indeed, I think there is but little good reason for 
burdening the memory with which man’s name goes with which 
phenomenon. The real objective should be to size up the ophthalmic 
situation in ioio and interpret its significance. What can one conclude, 
on the basis of observed phenomena, about what is actually going on in 
the patient? Is the lesion advancing, regressing or remaining sta- 
tionary? Those are the things that must be known if treatment is to 
be planned intelligently. 

Special attention to isolated eye signs is only indicated if, and when, 
they have some special significance. The last category of signs that 
I mentioned, edema of lids and conjunctiva, does, as will appear later, 
have a very special significance There is a possibility that lid retrac- 
tion, lid lag and globe lag (these are really but different aspects of a 
single abnormality, namely spasm of the levator palpebras superioris 



Fig. .3. — Grave.s’ disease of .special ophthalmopathic type in a man of 55 years. BMR 
— 5 on iodine. No thyroidectomy. Extreme lid retraction, moderate proptosis O.U. 
Slight lid edema, no chemosis. (U. 301702.) 


muscle) also have a special significance. All the other eye signs may 
be said to be related to, and determined by, the state of affairs within 
the orbit. The ophthalmic component of Graves’ disease is an afflic- 
tion of extraglobal orbital contents, not primarily of the eyeball. The 
ej'eball is pushed forward and its membranes engorged because of what 
is going on behind it in the orbit, or the muscles controlling it, and the 
eyelids, or both, are the seat of pathologic alteration. 

The first point to settle in the person suspected of having Graves’ 
disease is whether eye signs, any eye signs, are present or absent. In 
early Graves’ disease the only detectable abnormality may be staring 
expression of the eyes and lid lag. There may be no protrusion of the 
globes at all. We may, indeed, measirre their position with an exoph- 
thalmometer and find it quite within the limits of normal. Despite 
the lack of exophthalmos, however, -the staring, wild look is visible 
across the room and is close to pathognomonic as far as diagnostic 
import goes. It is due to the- widening of the palpebral fissure, 
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Dalrymple’s sign, with exposure of the white of the e3^e above the iris. 
A similar appearance might be found in states of real terror, or it can 
be produced voluntarily, that is to saj'-, faked. When it is not faked 
nor the result of terror, then the sign is very_ strong evidence for 
Graves’ disease. Often it is asymmetric or unilateral, as has been 
emphasized lately by Pochin.®'’'^ 

Years ago von Graefe pointed out that lid lag is independent of 
exophthalmos.* He believed it to be of sympathetic origin due to an 
affection of the sympathetic innervation of the levator palpebrm 
superioris. Pochin,®^ however, maintains that while the lower lid is 
lowered by sympathetic stimulation, it is raised relative to the cornea 
when the upper lid is retracted by the levator palpebrm superioris. 
This is a striated muscle and is innervated, not bj'- the sjonpathetic, 
but by the oculomotor nerve. The sympathetic overactivity theory 
of lid retraction, therefore, according to Pochin, is untenable. Indeed, 
I have concluded after searching the literature that the sympathetic 
has little if anything to do with any of the ophthalmic manifestations 
of Graves’ disease. In certain types of experimental exophthalmos in 
animals, yes; in human Graves’ disease, no. Nor do I believe that 
sympathectomy offers anj'^thing in the treatment of human exophthal- 
mos, Jonnesco^^ to the contrary, notwithstanding. 

At the onset of Graves’ disease, thjTotoxic manifestations may be 
the first to appear, or the ophthalmic, or the two may appear together. 
Relationships of this character were noted as early as 1860 by Holt- 
house (in discussion of C. H. Jones®®). As I have already indicated, 
th^Totoxic and ophthalmic components may run parallel courses, or 
vary inversely or independently. These variations serve as a basis 
for tlie separation of cases into tj^es.^®’^® Furthermore, either thyro- 
toxic or ophtlialmic manifestations may be lacking, but in the absence 
of both one could not make a diagnosis of Graves’ disease. 

I have been particularly interested of late in those patients who 
complain of their eyes first. Often they go first to the ophthalmologist 
and sometimes he fails to appreciate that they actually have Graves’ 
disease, not a local ophthalmic disorder. Early this month, for 
example, I saw a doctor’s wife who last May thought she had eye strain 
and consulted an ophthalmologist. He told her she had muscle 
trouble with poor convergence. His observation was correct, but 

* After tliis lecture had been delivered at Nashville, Dr. Barney Brooks told me that 
I had ignored the action of the lids. He believed that one cannot have lid retraction 
■without some degree of protrusion, that the inevitable effect of a widened aperture is 
some forward movement of the globe due to diminution in the restraining action of the 
lids. Soon afterward, Dr. David G. Cogan, at the Howe Laboratory of Ophthalmic 
Research, was good enough to make some obser\’ations on normal people (including 
myself). By means of ophthalmometric measurements he found that when the lids 
are held open wide with a speculum there is no protrusion beyond the limit of accuracy 
of the instrument, which is 2 mm. Some of the subjects, however, during voluntary' 
retraction showed protrusion of 3 mm. Cogan concluded that it does not appear from 
this small series that the lids e.xert an appreciable effect in retaining the normal eyeball 
in the orbit. The active contraction of the levator, however, may force the globe out 
slightly through pressure on orbital contents. In view of these findings I cannot believe 
Uiat widening of the aperture is an important factor in the causation of the proptosis of 
Graves’ disease. 
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apparently he failed to recognize that this could be hloebius’ sign in 
Graves’ disease. Soon after she developed goiter and th;\TOtoxic 
symptoms. Most of the patients who go first to the ophthalmologist 
or eye clinic come to fall within our special ophthalmopathic group, 
but not all. 

As Graves’ disease progresses the ophthalmic picture may develop 
in various ways. In addition to lid retraction, proptosis may appear 
and increase in intensity. It may be asymmetric, as in the case of lid 
retraction, but it is rarely completely unilateral. I have often seen 
patients who at first glance appeared to have but one eye sticking out. 
However, on careful examination, some abnormality, perhaps only lid 
retraction or a lid lag, could be detected on the other side. If it can 
be demonstrated that eye signs are bilateral, even though asymmetric, 
it serines to rule out such lesions as postorbital tumor or arterio^'enous 
aneurysm of the cavernous sinus, which would gi^^e a purely one-sided 



Pig. 4. — Graves’ disease witli development of progressive ophthalmopathy after 
thyroidectomy in a woman of 42 years. BMR —34 when picture taken. Lid retraction 
and proptosis very moderate, but edema and conjunctival injection marked. Chemosis 
present. Marked irritative symptoms, tearing, burning and so forth. (U. 252G02.) 

proptosis. Of other conditions than Graves’ disease which can cause 
bilateral exophthalmos, we have encountered only skull deformities 
with shallow orbits, such as oxjmephaly, Pland-Schiiller-Christian’s 
disease, rarely myasthenia gra^'is and possibly certain hypertensions. 
In brief, the finding of bilateral eye signs of the Grat'es’ variety is 
overwhelming evidence in favor of that diagnosis. 

If the ophthalmic component of Graves’ disease is of systemic origin, 
why, it may be asked, is it often so markedly asymmetric? To that 
I can gi\-e no adequate reply beyond saying that the evidence in favor 
of systemic origin is very convincing. As the eye lesion develops, 
asymmetry may either diminish or increase. I have seen cases in 
which first one eye ivas the more prominent, then later the other 
caught up with and eA'en passed it. 

In evaluating the ophthalmic status in any patients with Graves’ 
disease, the congestive and dropsical phenomena are very important. 
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Compare, for example, the case of a patient, who had classic Graves’ 
disease years ago and has permanent residual exophthalmos, with that 
of one who has just started on the course of what we call the special 
ophthalmopathic type. In the former, the pure proptosis may be very 
marked, but there will be little, if any, lid retraction, and no edema of 
lids or conjunctivie, or congestion, and in all probability no ocular 
symptoms. The eye condition here is quite stationary and inactive. 
It is, in fact, an end-result. In the latter case, the picture is quite 
different. The eyes ha^^e a sore and swollen look. The actual propto- 
sis may be less than in the former, but the lids are edematous, the con- 
junctivfe are injected and chemotic, and all these tend to make his 
general appearance much more impressive, or even alarming, than in 
the case first described. The patient with the latter picture ydll have 
plenty of ophthalmic symptoms: tears, smarting, photophobia and so 
forth! One patient said that his eyes felt like golf balls. In another 



Fig. 5. — Graves’ disease with development of a malignant typo of ophthalmopathy 
3 years after thjToidectomy for thyrotoxicosis, in a man of 54. BMR -|-5 off iodine — 
later to —15 on iodine. No lid retraction and therefore proptosis, which was of consid- 
erable degree, was obscured. Marked injection and chemosis of conjunctiva:. Later 
developed corneal ulcerations and required orbital decompression O.D. (U. 292087.) 

patient the chief complaint may be the result of muscular weakness: 
diplopia or inability to fix near objects, difficulty in reading, and so 
forth. This type of ophthalmopathy represents an active process. 

^Yhen Graves’ disease is treated by partial th^vToidectomy, the eyes 
often lose much of their staring appearance rather rapidly. 'The 
exoiihthalmos ajipears to subside. However, Soley'^^ has shown that 
usually after operation actual measurement shows that, for a time, 
exophthalmos actually increases. The improved appearance is to be 
attributed to decline in lid retraction. In the classic type, however, 
ultimately the exophthalmos may decrease, although, as Galli-jMainini^' 
has shown, it seldom completely disappears. Sometimes the eyes 
come to rest permanently in a markedly forward position, as in the 
case described earlier. 

In those cases which fall in the special ophthalmopathic group, the 
e\ e condition becomes aggravated after operation and the progress of 
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the lesion may be such as to justify the appellation of malignant 
exophthalmos. Edema of the lids and chemosis of the conjunctiva 
become extreme. Ulceration of the cornea sets in, vision, and indeed 
the ej^eball itself, is endangered. A truly terrible picture of bulging, 
inflamed eyes protruding through swollen lids is presented. The 
patient cannot close his lids, and this aggravates the inflammation 
through the irritating effect of drying of the cornea. 

We have come to believe that when a hint that the ophthalmopathy 
may follow such a course is obtained before thjToidectomy is done, 
the most important indication for treatment is to refrain from removing 
the thjToid. It is significant, we believe, that in cases of malignant 
exophthalmos in which it finally becomes necessary surgically to de- 
compress the orbit in order to save the eye, there has previously been 
a thjToidectomy in a very high percentage of cases. In other words, 
it is (with very few exceptions) onlj'- the post-thyroidectomy cases in 



Fig. 6. — Asymmetric oplithalmopathy developing in a woman of 51 who had had 
thjToidectomy for Graves’ disease 5 years earlier. She was also diabetic. At time 
picture was taken she was receiving iodine, thyroid and insulin. Her BMR was 0. No 
lid retraction, but moderate proptosis and extreme chemosis and conjunctival injection 
O.D. Her right orbit was treated by irradiation and she made a marked improvement. 
(U. 315242.) 

which such serious eye conditions develop. Occasionally patients, who 
have had the disease in classic form and recovered with or without 
thjToidectomy, turn up some j^ears later with a recrudescence which 
assumes the special ophthalmopathic tjqie rather than the classic. 

Pathogenesis of the Ophthalmic Component. Let us now consider 
the pathogenesis of the ophthalmic component, and its relation to that 
of the disease in toto. There are, of course, two main approaches; 
the studj^ of the naturallj^ occurring disease in man and the endeavor to 
reproduce it experimentally in other species. Also the problem can be 
divided into that of the local intra-orbital mechanism and that of 
what lies behind it. 

On the former question, observations on humans are probably more 
valuable than experiments on animals. The difficulty with animals is 
that the mechanism of exophthalmos maj"^ be quite different from what 
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it is in humans. For example, as long ago as 1858, Miiller^® distin- 
guished two groups of smooth muscles in the eyes of mammals, peri- 
orbital and palpebral. In some species the periorbital is so well 
developed as to constitute a slinglike muscle capable of pushing the 
eyeball outward on sympathetic stimulation or on the exliibition of 
sjonpathomimetic drugs (Brunton®). This has been called Muller’s 
muscle. It is rudimentary or absent in man and plays no role in 
human exophthalmos. 

In 1904, MacCallum and Cornell®® produced exophthalmos in dogs 
by obstructing the outflow of blood through the orbital veins. This 
was followed by the development of edema of the orbital tissues which 
further enhanced the exophthalmos. Again it is unlikely, as these 
authors admit, that such a mechanism plays a role in human Graves’ 
disease. 

A better clue to the situation in man is provided by the observations 
of the English ophthalmologist, Moore, in 1920. In a case of malig- 
nant exophthalmos he incised the conjunctiva and removed as much 
orbital fat as possible to relieve tension. He remarked that the fat 
“seemed edematous, and in partieular the inferior, internal, and exter- 
nal recti muscles were exposed, for a considerable distance, and these, 
instead of being thin, flat, ribbon-like muscles, such as one becomes 
familiar with in squint operations, were greatly swollen fusiform 
bellies apparently from oedematous infiltration, not quite so stout as 
the last joint of one’s little finger.” So far as I know, Moore’s is the 
first study of the pathology of the living in this condition. He also 
obtained an autopsy in 1 case of exophthalmic goiter and concluded 
that, since the exophthalmos remained marked after death, it could 
be due neither to sympathetic irritation nor to venous engorgement, 
but rather to edema of orbital contents, and perhaps increase in orbital 
fat. Thomson,®^ in 1924, also upheld the edema theory, saying 
“exophthalmos in exophthalmic goitre is due to a localized edema in 
the posterior part of the orbit, which, for some unknown reason, if 
sufficiently prolonged, is followed by connective tissue proliferation 
and permanent thickening of tlie orbital tissues.” We might suggest 
that the edema, like that in the legs of patients with long-standing 
cardiac failure, becomes brawny. The German, Unverricht,®® in 1 925, 
also supported tliis theory. 

A really important contribution to the pathology of the condition is 
that of Dudgeon and Urquhart,'^ in 1926. These investigators exam- 
ined extrinsic eye muscle, heart muscle and skeletal muscle in 9 post- 
mortems on exophthalmic goiter patients. Lymphorrhages, great 
infiltrations with lymphocytes and some plasma and endothelial cells, 
were found in the muscles of 8 of the 9 cases. They were most marked 
in the ocular muscles. 

I he first extensive observations of the pathology of the living in 
the exophthalmos of Graves’ disease are those of Naffziger,'*® who in 
1931 devised the operation of orbital decompression. On opening the 
orbit through the cranial cavity, NaflFziger found the orbital contents 
bulged, due entirely, he thought, to a great increase in the size of the 
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extrinsic muscles (3 or 4 times tlieir normal volume). IVIicroscopically, 
the muscles showed edema, round cell infiltration often with a peri- 
\-ascular pattern, loss of architecture, increase in fibrous tissue with 
areas of hyalinization and fragmentation, and destruction. Frieden- 
wald’'^ confirmed Naffziger’s findings in 1932. 



Fig. 7. — Galli-Mainini’s schemata representing the mechanism which may be involved 
in exophthalmogenesis. “The lids, the eyeball, one muscle and the intra-orbital tissue 
are represented. The arrows indicate the direction of pressures and tensions. The dots 
represent the amount of fluid in the tissues. In Schema N is shown the situation in 
health. The pull of the muscle is of the same magnitude as the tissue pressure and 
balances it, so that the position of the globe is that found in normal persons, indicated 
in these schemata by the interrupted line. Schema A shows the first step in the develop- 
ment of e.xophthalmos. The muscle has weakened, exerts less tension, indicated by the 
shortened arrow. The tissue pressure therefore forces the eyeball forward. As this 
happens tissue pressure falls and fluid passes from the capillaries to tissue to occupy the 
space, until a new equilibrium is reached with the muscles stretched and the eyeball 
protruding— Schema B. In Schema C is shown the situation in progressive exophthal- 
mos in which a weakened and degenerate muscle cannot withstand the tissue pressure 
and in its turn becomes edematous, as do the lids and surrounding tissues.” 


Thus it seems established that a part of the immediate cause of 
exophthalmos in Graves’ disease is swelling of the orbital contents. 
In the malignant cases, swelling of the muscles may be the chief factor. 
In others, edema of the other orbital contents may play a role. 

That the whole phenomenon of proptosis may not be due to increased 
push upon the globe, however, is suggested by Galli-lMainini.^'' He 
points out that there is also the factor of decreased pull. “The eye- 
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ball,” he says, “fits the orbit somewhat as a cork does a bottle, and 
it is maintained in position by the action of two pressures working in 
opposite directions. One of these is the pressure exerted by the ten- 
sion of muscles, which tends to pull the e 3 ^eball_ backward; the other 
is the tissue pressure of the orbital contents, which tends to push the 
eyeball forward. The two are in such balance in health as to main- 
tain a constant volume of orbital content, and at the same time to 
secure normal movement of the globes and circulation of tlie orbit.” 

The cork and bottle simile is good, and one should perhaps further 
specify a bottle of champagne. Here we have a cork held in b^'^ wires 
against a high pressure within the bottle. Cut the wires and out 
comes the cork. Weaken the muscles and out comes the ej'-eball. 

That the ocular muscles may be weakened in Graves’ disease, from 
the kind of pathologic change found bj'^ Moore, Dudgeon and Urquhart, 
Naft'ziger and Friedenwald, seems a fair inference. Also there is 
abundant evidence that generalized weakness of striated muscle is 
characteristic of the malady.” That a tendency' to water reten- 

tion also exists in Graves’ disease seems likely in view of the frequent 
occurrence of moderate edema without evidence of heart or renal 
failure. Whj'" in a general condition should edema formation be 
chieflj’' manifested locally in the orbit? This maj^ be because it is 
only in the orbit tliat we have the cork and bottle set-up. The com- 
bination of increased tissue pressure and decrease in the force opposing 
it (the pull of the extrinsic muscles) is onlj’^ to be found there. Galli- 
Mainini visualizes the sequence of events as follows: A weakening of 
the muscles upsets the equilibrium between the muscle pull and tissue 
push of health. The globe moves forward. As this happens, tissue 
jiressure falls and fluid passes from capillaries to tissue to occup.y the 
space, until a new equilibrium is reached with the muscles stretched 
and the globe protruding. If this situation is stabilized we have the 
sort of permanent inactive residual exophthalmos which I have de- 
scribed. On the other hand, it may become progressive and as the 
muscles weaken thej^ cannot withstand the tissue pressure and in turn 
become edematous, as do the lids and surrounding tissues. According 
to this concept, edema of the lids, and such phenomena as accompanj’^ 
it (chemosis and injection of the conjunctiva), would always denote 
an active or progressive process, and absence of them, as Haines-® has 
pointed out, would indicate an inactive or receding condition. 

On the purel.y experimental side we have a number of leads. Many 
investigators report the production of exophthalmos in animals with 
ex-tracts of the anterior pituitary. The first of these, I believe, was 
Schockaert,®® ^yho produced thyroid hjqierplasia and exophthalmos in 
3 -oung ducks, in 1931. I remember his telling us about it on a visit 
to our laboratory" and causing much excitement thereby". A y"ear 
later, Loeb and Friedman®® obtained exophthalmos in guinea pigs by" 
injecting an acid extract of anterior jjituitary" of cattle. As this 
exophthalmos receded if injections were discontinued and under nar- 
cosis or postmortem, it differed from the exophthalmos of Graves’ 
disease in humans. IMarine and Rosen^^ next showed that exophthal- 
mos can be produced by" TbH injection even more easily in thy-roidec- 
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tomized guinea pigs than in intact ones. In 1934, Friedgood'^ observed 
that TSH-induced exophthalmos in guinea pigs became worse during a 
refractory period, and was especially well marked in animals in which 
a low basal metabolic rate developed. This finding fits very well with 
what we observe clinically. 

Smelser,®^ in 1936, confirmed Marine and Rosen’s finding that 
thyroidectomy enhances the exophthalmos induced in guinea pigs by 
TSH injections. He also showed that if one side be sympathecto- 
mized in advance the, exophthalmos is less on that side. This might 
not hold in the human. Smelser,®^ furthermore, found that the orbital 
fat and connective tissue of his exophthalmic pigs was edematous and 
the muscles were increased in size. Paulson,^® of the Mayo Clinic, in 
1937, reported similar findings in the orbit and in the extra-ocular 
muscles, changes similar to that described by Naffziger in humans. 
Paulson found no changes in other skeletal muscles except the orbicu- 
laris oculi in which, in a few instances, degeneration of the fibers was 
noted. In 1939, Paulson^® published further work showing the pro- 
duction of marked retroglobal edema in TSH-injected thyroidecto- 
mized guinea pigs, which he believed responsible for the ocular protru- 
sion. He also, this time, obtained definite degeneration of skeletal 
and cardiac muscle. Iodine had no effect on the development of 
exophthalmos, although it did lessen the thyroid hyperplasia induced 
by TSH. He concluded that iodine acts on the thjToid gland and is 
not directly inhibitory or antagonistic to TSH. We entirely agree 
with this interpretation. In 1940, Aird^ showed that after several 
months of injection of TSH the exophthalmos of guinea pigs persists 
despite cessation of injection and after narcosis or death, attributing 
this to the enlargement of the muscles. In discussion of Aird’s 
paper. Marine pointed out that there Avere tAvo types of exoph' 
thalmos: that AAuthout and that Avith organic change in the orbit. 
The second has not been produced in the rabbit, only in man and the 
guinea pig, and for the most part after thyroidectomy. 

]\Iarine‘“’ believes that in addition to the anterior pituitary, the 
gonad plays an important role in the production of exophthalmos. For 
example, castration of male rabbits caused an existing exophthalmos to 
regress. The exhibition of testosterone propionate to these same rab- 
bits caused the exophthalmos to recur. Since these obserA'^ations were 
made on rabbits, they may be quite inapplicable to man. However, 
it is of interest to note, in this connection, that those cases of Graves’ 
disease AA'hich we have called the special ophthalmopathic type, are 
relatively more numerous in males than are those of the classic type. 
jMarine also believes the adrenal cortex may be invoh^ed in the endo- 
crine hookup of GraA’^es’ disease, though the connection seems obscure. 

In the light of all these A’^arious studies on the relation of TSH to 
exophthalmos, it is interesting to recall that Cannon^® and his co- 
Avorkers, back in 191.5, produced in 4 cats a sjmdrome A'ery like human 
Graves’ disease by joining the phrenic nerve AAuth the cervical sjun- 
pathetic. These cats dcA-eloped exophthalmos and hjqjerthyroidism. 
They also had hjq)erplastic adrenals. The authors concluded that 
the tliAToids of their animals had become overactRe from direct ner- 
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vous stimulation, but the weight of modern evidence fa^mrs the inter- 
pretation that actually it was the anterior pituitary which was ner- 
vously stimulated and the thyroid, in turn. Immorally by the pituitary. 
Such a theorj^ accounts for the adrenal hj^ierplasia also. 

Of late there has been much interest in the effects of cyanates upon 
the thjToid in man. It has been found by several observers,® 
including my colleagues and me, that patients, treated for a long time 
with potassium sulfocyanate for hj^pertension, may develop a syn- 
drome characterized by hyperplastic goiter with hypofunction. In 1 of 
our cases there was also slight, but definite, exophthalmos. Further- 
more, thjT'oid hyperplasia has been produced in animals by other 
sulfur-containing substances such as thiourea, thiocarbamide and the 
sulfonamides.® Rawson has very recently been treating rats, in 

our laboratory, with sulfathiazole in order to produce hyperplastic 
goiter. He gained this objective satisfactorily, but also found that his 
rats developed very definite exophthalmos which persisted after death. 
It is not clear precisely where such agents impinge on the pituitary- 
thyroid axis, but the rveight of evidence is that it is on the thjToid 
directly, imposing some obstruction to the completion of the elabora- 
tion of thjToid hormone. The organism thus becomes hjTpothyroid, 
which serves as a stimulus to the pituitary to increase its output of 
TSH, which, in turn, causes the thyroid to become hyperplastic and the 
eyes to become protruded. The hyperplasia of the thyroid, however, 
is ineffective because the obstruction to completion of thjToid hormone 
persists. 

Summary. "Wliat can we conclude about the nature of Graves’ 
disease from the various bits of evidence which I have cited? Not 
much, perhaps, but yet something. 

Seemingly the malady is determined, to some degree, by inherited 
constitution, plus, very likely, some environmentally imposed stress 
which the given constitution cannot take without departing from the 
healthy state. 

Hyperplasia of the thjToid seems to be a characteristic feature. 
Usually, but not always, there is production of hyperth;^Toidism. 

The behavior of the thyroid is very likely secondary to humoral 
stimulation from the anterior pituitary. The overactivitj’^ of the 
pituitary may well be due to a nervous impact reaching it via the 
hypothalamus. 

The response to whatever the stimulus be, which sets off the disease, 
may follow a different course in one individual from that in another. 

The ophthalmic portion of the disease is both interesting and mys- 
terious. It is of great importance from the point of view of therapeutfcs. 

It is fairly evident that swelling of the extraglobal orbital contents, 
especially the extrinsic muscles, is a major immediate cause of exoph- 
thalmos. Weakness of the muscles, with decreased back pull, is prob- 
ably another— indeed, the latter may be the first to become operative. 

T-he cause of these local changes, and what determines their progres- 
sion, or recession, is not so clear. Certainly they are not the result of 
thyrotoxicosis per sc. The thyroid hormone is diuretic in action. It 
should decrease swelling, not cause it. Considerable evidence supports 
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the view that an excess of thyrotropic hormone has something to do 
with the ophthalmic pathogenesis, but the relationship is probably not 
a simple one. 

’\^Tiy some cases follow what I have defined as a classic course, 
others an ophthalmopathic one, may be related to differences in the 
response of the thjToid cells to the action of TSH. In the classic type, 
TSH stimulates the cells, and thej'- produce an excess of their hormone. 
In this process, TSH is inactivated and, as Rawson has shown, is 
excreted in that form in the urine. In the ophthalmopathic type, 
TSH is not inacti^^ated to the same degree, the production of thjToid 
hormone is not increased and TSH is excreted in its active, as well 
as inactive form in the urine. At the same time, excess of TSH 
aggravates the ophthalmic situation. 

I have said but little of treatment, but in closing I urge jmu, in 
planning treatment in this disease, to keep the morbid mechanism, in 
all its known aspects, in mind. Particularly, realize that the best 
therapeutic program may be quite different in one case from what it is 
in another. While subtotal th;^'Toidectomy may be the best treatment 
we have at present for many patients, in other cases it is not only not 
helpful, but very likely harmful. To accept routine subtotal thy- 
roidectomy as good enough treatment and not seek for better, is not a 
truly scientific attitude. This is the thought I should like chiefly to 
leave with you. 
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TREATMENT OF ADDISON'S DISEASE WITH PELLETS OF 
DESOXYCORTICOSTERONE ACETATE=^ 

By Reginald A. Shipley, M.D. 

CLEVELAND, OHIO 

(From the Department of Medicine of Western Reserve University, School of Medicine, 

and the Lakeside Hospital) 

DESOXYCORTICOSTERONE IS the oiilv adrenal cortical steroid which lias 
been prepared synthetically, and hence is the only pure cortical prin- 
ciple available in a quantity sufficient for therapeutic use. Compared 
to the other adrenal steroids de.soxycorticosterone possesses a high 

* The dc.^oxycorlicosforone acetate (cortatc), both in the form of pellets and dissolved 
m oil, was generously provided by the Schering Corporation through the courtesj- of 
Dr. W. H. Stoner. 
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potency in maintaining the life of adrenalectomized animals, and 
exceeds all others in its capacity to stimulate retention of sodium 
chlorided^ It has the practical advantage of being less expensive than 
cortical extract. One of its disadvantages, however, is the danger of 
overdosage. Edema, hj^iertension, cardiac failure, and paralytic 
states have been observed when excessive quantities of the compound 
were administered.®-'^'^®'*^’*® Furthermore, desoxycorticosterone lacks 
anj^ appreciable capacit}'- to influence carbohydrate metabolism,^®’”’^’ 
and it fails to restore certain physiologic defects which follow adren- 
alectomj’- in animals. 

Despite its shortcomings this crystalline compound offers the unique 
advantage that it may be compressed into pellets, which, when im- 
planted subcutaneously, give up the hormone to the tissues slowly and 
evenly so that therapeutic effects may be sustained for many months. 
The convenience to the patient, the absence of fluctuations in hormone 
absorption associated with injections, and the avoidance of all the 
uncertainties of self-medication are obvious points in favor of a prep- 
aration administered in pellet form. Moreover, Thorn, Greif, Coutinho, 
and Eisenberg®® have pointed out that desoxycorticosterone when 
given in this manner is more effectively utilized than when given by 
any other method. Recently Thorn, Dorrance, and Day®” have 
reported a series of 148 patients in which the results of treatment with 
pellets were, in general, very favorable. Sixty-one of these patients 
were under the direct observation of the authors. A number of other 
favorable reports have also appeared,®’®-®’’®’”’^®’*''-®®’®®’®®'®® but these 
publications, for the most part, present data on only 1 or 2 patients 
who were obser\-ed for a relativelj' short period of time. 

Pellet preparations of desoxycorticosterone acetate are not as yet 
aA'ailable for general clinical use. The implication, therefore, exists 
that evidence pertaining to the desirability of pellet therapy is incom- 
plete. Objections to such therapy might include not only an uncer- 
tainty as to its efficacy but also a fear of the effects of overdosage 
which cannot be alleviated without surgical removal of the pellets. 
In addition to questions of efficacy and hazard, clarification is also 
needed in relation to problems bearing on the type of pellet to be used, 
the number of pellets which should be implanted, their rate of absorp- 
tion, and their maximum effective life. 

The present report includes observations made on 7 patients with 
Addison’s disease who have received treatment with pellets of desoxy- 
corticosterone acetate. The diagnosis was established in each case by 
the presence of a tj^pical clinical picture of the disease along witli 
chemical studies which usually included a chloride excretion tesP or 
water test®^ (Table 1). In .3 patients who have died there was con- 
firmation of the diagnosis at autopsy. 

Method of Insertion of Pellets and Number Implanted. Two tjqies of 
pellets have been used. The first was flat and disk-like, measured 
approximately 3x9 mm., weighed 13.5 to 150 mg., and had a surface 
area of approximately 200 sq.mm. The other type of pellet, which is 
the one being used e.xclusively at present, is in the shape of an elongated 
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cylinder, measures 3.2 x 8.2 mm. and weighs /S mg. Its surface area 
is 100 sq.mm, and volume 65 c.mm. 


Tabi.e 1.— Diagnostic Data 


Water test 



Age 

Sex 

Concentra- 
tion of Cl 
chloride ex- 
cretion test 
(mg. per 100 cc.) 

Night 

volume 

(cc.) 

Maximum 

morning 

volume 

(cc.) 

“A” 

17 keto- 
steroids 
mg. per 
day 

Case 1 (A. G.) 

35 

M 

. . . 

500 

40 

2 

5 

Case 2 (F. G.) 

02 

F 





2 

Case 3 (G. H.) 

47 

F 

205 


50 



Case 4 (G. L.) 

35 

F 

34G 

197 

3 

5 

Case -i (J. B.) 

28 

U 

... 

435 

85 

5 

5 

Case0(M.W.) 

30 

F 

... 

300 

50 

5 

3 

Case 7 (R. P.) 

33 

M 

274 

1050 

375 

G 

9 


Electro- 

cardiogram 

Normal 

Normal 

Prolonged 
Q-T interval 
Prolonged 
Q-T interval 
Prolonged 
Q-T interval 
Prolonged 
Q-T interval 


The pellets were inserted in the infrascapular region through an 
incision about 1 cm. long. Pockets radiating in various directions 
were made with a hemostat beneath the skin in the subcutaneous 
tissue. The pellets were then gently placed in position with smooth 
] 3 ick-up forceps. As many as 6 pellets could easily be inserted through 
one incision. There were no infections and in no cases were pellets 
spontaneously qxtruded. When the old pellets had been in place long 
enough to have undergone considerable absorption, they were removed, 
weighed, and new pellets inserted. There was usually very little tissue 
reaction around the pellets at the time of removal. A thin fibrous 
capsule, approximately 0.2 mm. thick was present and there was a 
variable degree of cellular infiltration just outside of the capsule. 

Tliorn has recommended that before pellets are implanted for the 
first time and at successive reimplantations the requirement of the 
patient should be determined by a preliminary trial with daily injec- 
tions of the compound in oil.®® He has calculated that one 125 mg. 
pellet should be inserted for every 0.4 to 0.5 mg. of hormone required 
by daily injection. Inasmuch as the pellets used in the present series 
of cases were not identical with those employed by Thorn, this calcula- 
tion would not be applicable. A precise estimate of the optimum dose 
of this compound for a given patient is difficult to determine because a 
definite clinical or chemical end-point of response is lacking. Very 
small doses of hormone may be adequate to maintain normal electrolyte 
and water metabolism and yet not impart a satisfactory feeling of well 
being or restore muscular strength and endurance for work. In some 
patients an increase in the dose will bring about a substantial increase 
in subjective improvement, but in others signs of overdosage intervene 
and this end is not attained. On the other hand, many patients are well 
controlled and do equally well on doses of hormone varying as much as 
two-fold in amount. 

In view of the difficulty encountered in determining precise dosage 
and in order to eliminate a rather impractical period of prolonged 
preliminary observation the patients in this series were implanted with 
pellets immediately after the period of diagnostic study. If within a 
few weeks or months there was not a degree of improvement which 
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seemed satisfactory, additional pellets were inserted. The optimal 
dose was considered to be that amount of hormone which, without 
signs of overdosage, maintained normal levels of plasma chloride, 
blood urea nitrogen, hematocrit, and blood pressure, and which gave a 
maximum degree of subjective improvement with moderate gain in 
weight. The initial dose was one or two 150 mg. pellets or two to four 
of the 75 mg. size. The maximum number eventually implanted in 
any patient to date has been four of the type weighing 150 mg. and 
six of the kind weighing 75 mg. 

After leaving the hospital the patients were allowed free choice of 
food. The amount of salt ingested Avas derived only from that AA'hich 
was intrinsic in the foodstuff plus that which they chose to add to suit 
their tastes. This total varied from 8 to 12 gm. of NaCl per day as 
estimated from urinary excretion of chloride while salt intake and 
output were presumed to be in balance. When the pellets were nearing 
the final stages of dissolution Aveakness and anorexia sometimes ap- 
peared. These S3'’mptoms AA’-ere temporarily controlled AAnth extra salt 
until the time AA^hen it AA’’as deemed advisable to insert neAV pellets. In 
seA'eral instances recentl.>% new pellets Avere implanted at the end of 
9 or 10 months Avithout remoA'^al of the old ones. Signs of overdosage 
did not appear. 



Rate of Absorption of Pellets. If the AA’eight of the pellets, after 
A’ariable periods of absorption, is plotted against the time elapsing 
after implantation one obtains a distribution AA'hich tends to folloAV a 
straight line (Fig. 1). This indicates that the daily rate of absorption 
tends to be constant and that it does not decrease materially eA^en after 
a pellet has become greatly reduced in size. This most fortunate 
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characteristic of pellet dissolution in both patients and animals has 
been observed previously not only with desoxycorticosterone but with 
other hormones as welb'^-'^'^® and may probably be ascribed to a progres- 
sive roughening of the surface of the pellet along with an increase in 
permeability. In Figure 1 it may be seen that the daily rate of absorp- 
tion of the large pellet averages 0.58 mg., and the maximum effective 
life is about 7 months. The daily absorption from the small pellet 
averages 0.21 mg. and the effective life may be estimated at 9 to 10 
months. The rather small scatter of the individual points from the 
line representing the average rate of decline in pellet size indicates a 
reasonably constant rate of absorption from patient to patient and 
pellet to pellet. The effective life of a pellet is influenced by its weight, 
surface area, density and shape. By proper adjustments of these vari- 
ables the maximum life of 10 months for a pellet might be materially 
lengthened. That pellet weight alone is not the sole factor is evidenced 
by the observation that the pellet weighing 150 mg. approaches com- 
plete absorption sooner than the one which weighs 75 mg. 


Table 2. — Summary of the Effects of Pellet Therapy 



Case 1 

Case 2 

Case 3 

Case 4* 

Case 5 

Case 6* 

Case 7* 


(A. G.) 

(F. G.) 

(G. H.) 

(G. L.) 

(J. B.) 

(M. W.) 

(R. P.) 

Duration of pellet treat- 

ment (mos.) 

40 

13 

4 

26 

15 

11 


Clinical improvement . . Excellent 

Poor 

(death) 

Poor 

(death) 

Good 

Excellent§ 

Good 

Excellent 

Overdosage symptoms 

No 

Yes 

No 

Yes 

No 

No 

No 

No 

Hypoelyceraia .... 

Yes 

Yes 

No 

Probably 

No 

No 

Hematocrit: 

Before treatment 



45 


42 

35 

- 1 

After implant 

33 

32 

30 

38 

34 

33 

38 

Blood urea nitrogen: 

Before treatment 

30 

17 

47 

10 

20 

12 

1 . 

After implant 

10 

10 

15 

9 

0 

15 

12 

Plasma chlorides (m.cq.) ; 

Before treatment 

70 

90 

09 

.103 

93 

00 

103 

After implant 

100 

103 

102 

108 

102 

105 

102 

Blood pressure: 

Before treatment 

85/(i0 

100/00 

78/50 

110/70 

75/50 

90/t)0 

105/70 

After implant . . , 

105/70 

110/00 

98/60 

115/70 

90/50 

105/05 

115/75 

Heart si::e: 

Before frealment 

0.30 

0.40 

0..30 

0.33 

0.32 

0.38 

0.39 

After implant 

-13 

-14 

-12 

-27 

-15 

-3 

-I 

0.42t 

0.48 

0.40 

0.39 

0.37 

0.39 

0.40 


-2t 

-4 

-8 

-13 

-8 

-1-4 

-4-1 

\\ eight cam on treatment 

(lb.) 

0 

7 

1 

8 

12 

G 

9 

Nvimbcr of 75 mg. pellets 
considered adequate for 

maintenance .... 4 

♦ On salt therapy when first seen. 

... 

... 

G 

0 

4 

4 

t Cnrdiothoracic ratio. 

t Heart diameter ns % of normal (Ungerleider and Gubnur^O. 

§ Died after an appendectomj’. 





Clinical Results. Four of the 7 patients are living and in all cases 
the sjnnptoms of the disease are under reasonably good control. One 
pcatient is employed as an animal caretaker, 2 are doing factory work, 
and 1 assists with housework in her home. Three patients have died, 
i wo of the fatal cases could not be controlled by pellets or by injections 
of desoxycorticosterone acetate in oil. The 3d had been well controlled 
by pellets but died recently after an appendectomy. Some of the 
specific therapeutic results which were observed in the various patients 
are listed in flable 2. The various values which were obtained after 
treatment are exjiressed as the averages of several determinations 
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taken while the patients were under the influence of a dose of hormone 
which seemed to be optimum. The hematocrit was consistently low 
in all patients after pellet therapy had been started. The values, in 
fact, were distinctly lower than normal. It is highly probable that 
this depression in cell Amlume was due to anemia rather than to exces- 
sive hemodilution. Blood urea nitrogen remained low in all cases 
except in Case 3, where it rose just before death. Plasma chlorides 
and blood pressure were easily maintained in all patients. The cardio- 
thoracic ratio rose in all cases. Inasmuch as the cardiac diameter of 
the patients before treatment tended to be distinctly smaller than the 
normal average, this rise was not due to abnormal dilatation. In 
Case 2, however, during a period when signs of overdosage were present, 
cardiac enlargement was well enough marked to be considered abnormal 
(see case report below). McGavack has advocated that treatment be 
regulated by observing changes in cardiac size.^® All patients slowly 
gained weight. In Case 3 this was minimal, however, and in Case 2 
there was an eventual decline even in the presence of edema. Patient 
No. 1 has shown an appreciable diminution in the pigmentation of his 
skin and mucous membrane. The others have shown no change. 

Case Studies. Case 1 (A. G.). This patient was first admitted in 1938 
because of an asthenia which was so profound that he appeared alniost com- 
pletely paralyzed. Buccal pigmentation and the usual symptoms of Addison’s 
disease were noted. After an infusion of 0.9% sodium chloride there was 
dramatic improvement and subsequently he was maintained in fairly good 
condition wth a total daily salt intake of 20 gm. On Januaiy 30, 1940, one ■ 
150 mg. pellet of desoxycorticosterone acetate was implanted in the left sub- 
scapular region. Urine analysis revealed that his voluntary salt intake vdth 
food was 10 gm. per day. Within 4 to 6 months the left breast became enlarged 
and tender and upon palpation a well defined circular mass of tissue measuring 
3 to 4 cm. in diameter could be made out just underneath the region of the 
nipple. A new pellet of similar size was inserted in the right subscapular 
region on August 14, 1940. The breast enlargement gradually subsided and 
has never been noticed again in this patient or in any others in the series. On 
April 4, 1941, what was left of the old pellets was replaced Avith two 75 mg. 
pellets. Two months later the patient was admitted because of a sore throat 
and vomiting. For 24 hours before admission the food intake had been 
almost nil. There were symptoms of hjqjoglycemia and blood sugar was 
51 mg. per 100 cc. The signs of hypoglycemia promptly disappeared after 
administration of glucose intravenously and within a few days when the infec- 
tion had subsided he was again asymptomatic. In September, 1941, he 
obtained a job in the animal room of the hospital, which he has held until the 
present time. 

In June, 1942, after a Saturday morning’s work he went out for a few 
“beers,” ate no lunch, and after arri^^ng home in the earb"^ evening, went to 
bed without eating. The ne.xt morning he was found unconscious on the 
floor of his bedroom. On admission to the hospital he was comatose but 
restless. The skin was cool and moist, blood pressure was 110/90, temperature 
34.6° C., pulse 60. Unfortunately, no blood was taken for analysis, but his 
recoverj^ of consciousness a few minutes after administration of glucose intra- 
venously is highly suggestive of another episode of hj’^poglycemia. There was 
a sharp rise of temperature to 40° C, and patchy consolidation was discovered 
in one lung. He received 100 cc. of cortical e.vtract and 20 mg. of desoxycort- 
icosterone acetate in oil during the next 24 hours and after continuous vigorous 
treatment he completely recovered. The pneumonia was considered to be of 
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the “virus” type. With four 75 mg. pellets implanted he is now back at work 
with no symptoms whatever. 

Case 2 (F. G.). A 62-year old wmman showing t 3 T)ical signs of Addison s 
disease was admitted in April, 1940. A chloride excretion test could not be 
completed because of extreme weakness, nausea, and a fall in plasma chlorides 
to 85 m.eq. Two pellets weighing 135 mg. each were implanted and she was 
discharged on a total dietary salt intake of approximately 10 gm. per day. 
Her weight on discharge was 110 pounds. After a month at home she reported 
that her strength and appetite were still poor although she had gained 3 pounds 
in weight. Blood pressure was 105/60, plasma chlorides 103, and blood urea 
nitrogen 9.8. Salt intake was increased to a total of 15 gm. per da 3 \ Two 
weeks later she awoke in the morning with edema of the hands, face and 
feet, orthopnea, dyspnea, cough and dilated neck veins. Her blood pressure 
was 135/70. All symptoms of overdosage disappeared within 24 hours after 
she was deprived of salt. With a total of 10 gm. of salt in the diet she remained 
weak and her appetite w^as poor. Her weight rose to 117 pounds and there 
w'as continual slight pitting edema of the ankles. She now complained of pain 
in various muscles and joints. Reduction of dailj’’ salt intake to a total of 
5 gm. was followed by disappearance of the edema and fall of blood pressure 
to 115/60, but there was no change whatever in her subjective symptoms. In 
September, 1940, a generahzed vesicular eruption accompanied by fever 
appeared and persisted for 1 week. Anorexia w'as now' accompanied by spells 
of nausea and vomiting. In October, 1940, it w'as decided to increase her 
hormone dosage and markedlj' restrict her salt intake in the hope that phj'sio- 
logic effects of the hormone other than those controlling electrolytes might be 
brought into prominence. Four 150 mg. pellets W'ere therefore implanted 
and the only source of salt allowed was that in her unsalted food— probablj' 
3 a day of NaCl. Slight edema of the face and ankles appeared but hp 
weight fell to 110 pounds. Blood pressure graduall}' rose to 135/75 and in 
Januaiy, 1941, she began to experience substernal distress on exertion. The 
cardiac silhouette had increased to an abnormal size so that the cardio-thoracic 
ratio now measured 0.53. The electrocardiogram, wdiich had previouslj' been 
normal, now show'ed a left axis deviation and prolonged Q-T interval. There 
w'as no deviation of the S-T segment during exercise. After removal of one 
pellet the anginoid symptoms disappeared, but slight edema persisted. Potas- 
sium citrate, 3 gm. a day, caused no improvement or loss of edema but simplj' 
aggravated her feeling of weakness. In March, 1941, there w'as an episode of 
pleural effusion, pleural pain, and fever of 39.5° C. AU dependent edema 
disappeared. Blood pressure was 145/80. The cardiac silhouette was extremelj' 
large but it w'as not certain whether this was due to pericardial effusion or 
cardiac dilatation. After 10 daj'S the pleural process cleared and the heart 
shadow’ became normal. The pleural fluid produced no lesions when injected 
into guinea pigs. Tw'o more pellets w'ere removed and she was sent home 
with no therapy other than 15 gm. total salt per day. Her appetite grew 
W'orse, she became even weaker, there were severe muscle and joint pains and 
diarrhea. In Maj', 1941, desoxycorticosterone, 5 mg. a day, intramuscularlj', 
was started. Her appetite failed entirely so that onlj' a glass of milk was 
taken dailj'. One ^yeek after the start of injections she w'as seen at home in a 
semicomatose condition. The skin was cold and sw’eatj’. Blood pressure was 
n^/GO. There was no edema. A blood sample showed a urea nitrogen of 
P^osma chlorides 111 m.eq., hematocrit 26%, and blood 
sugar “too low to read.” Death occurred several hours later in a con\’nlsion. 
Autopsj' showed severe bilateral atrophj' of the adrenal cortex. 

This patient did poorlj' on a wide range of dosage of desoxj’cort- 
icosterone. Strength, appetite, and body weight were not maintained. 
Overdosage effects were produced at higher dose levels. Although 
plasma chlorides, blood urea nitrogen, and blood pressure were normal 
shortly before deatli, the hormone failed to maintain the blood sugar 
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level when food intake had declined, and death ensued from hypo- 
glycemia. 

Case 3 (G. H.). A 47-year old colored woman was admitted in February, 
1941, with the usual signs and s3mriptoms of the disease. In March, 1941, 
two 75 mg. pellets were implanted. It was determined that the diet which she 
consumed contained a total of 5 to 8 gm. of salt per day. She became some- 
what stronger, her appetite improved, but her weight remained unchanged. 
In July, 1941, she gradually lost 8 pounds of weight, grew weak, and lost her 
appetite. At this time she was running a fever of 38° C., blood pressure was 
108/60, hematocrit 28%, plasma chlorides 98 m.eq., and blood urea nitrogen 
15. Her salt intake was increased to a total of 15 to 20 gm. a day. There was 
no improvement and she stopped eating entirely. Blood sugar was 44 mg. on 
admission to the hospital at this time, chlorides 95 m.eq., blood urea nitrogen 
23 mg. per 100 cc., hematocrit 26%, blood pressure 105/70. She was treated 
with parenteral glucose, saline and 10 mg. deso.vycorticosterone daily. Nausea 
and vomiting grew more severe, the neck became stiff, and a Babinski sign was 
demonstrable on the left. Her temperature rose to 41.2° C. and coma ensued. 
Shortly before death her blood pressure was 120/70, plasma chlorides 110 
m.eq., blood sugar 133 mg. per 100 cc., and blood urea nitrogen 32.3. Autopsj'^ 
revealed bilateral tuberculosis of the adrenal cortex and a few microscopic 
tubercles of the periaortic Ijunph nodes, liver, and lungs. The brain and 
meninges were normal. 

Although microscopic lesions were demonstrable in several organs of 
this patient in addition to the involvement of the adrenal cortex, it is 
unlikely that tuberculosis was the cause of the high fever and the fatal 
outcome. Hj^perpyrexla has been observed in cases of uncomplicated 
Addison’s disease by Loeb.^^ 

Case 4 (G. L.). This 35 year old woman was admitted in April, 1941, 
with a 2 year history of the disease. During the preceding year she had I'eceived 
extra salt and some injections of desoxycorticosterone acetate in oil. Four 
75 mg. pellets were implanted and the total salt ingested with the diet was 
5 to 7 gm. per day. The number of pellets was later increased to 6. She has 
had no nausea and her strength is sufficient to do a full day of housework. Her 
jihysical endurance, however, is not quite equal to that which she enjoyed 
before the onset of her disease. Although she has gained in weight there has 
been no edema. 

Case 5 (J. B.). A 28 year old man admitted in Januaiy, 1942, complained 
of symptoms of the disease for at least 2 years. A chloride excretion test could 
not be completed because of nausea, vomiting, and a generally poor clinical 
condition which was precipitated by the test. With four, and later six 75 mg. 
pellets in place and a total daily dietary NaCl intake of 10 to 12 gm. he gained 
weight and was able to do hard ph3'sical work. There was an episode asso- 
ciated with a respiratory infection when he failed to eat for 24 hours and was 
found unconscious in bed in the morning. It maj"- be presumed that the coma 
was due to hypogl3’’cemia, inasmuch as recovery was complete within a few 
hours after a generous intake of fruit juices. Recently he entered the hospital 
with t3q)ical signs of appendicitis. S3Tnptoms had been present for 48 hours. 
During the next 8 hours he was prepared with glucose, saline, 5 mg. of deso.xy- 
corticosterone, and 30 cc. of cortical extract, after which a gangrenous appendix 
was removed. During the first postoperative day he received 94 cc. of cortical 
extract along with flucose and saline. His temperature reached 40.7° C. but 
blood pressure never fell below 110/70. B3' the third postoperative day his 
condition seemed excellent. He was taking food by mouth and no parenteral 
fluids were administered. On this da3’^ 28 cc. of e.xtract was given. He had 
received no desox3’'corticosterone since before the operation. When seen at 
5:15 A.M. b3' the nurse he seemed to be in excellent condition except for slight 
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nausea. At 6 a.m. he was found dead. It was learned that he had refused 
his supper and that his last food had consisted of a glass of milk at 3 p.m. 
Autopsy revealed adrenal cortical atrophy so severe that nothing unquestion- 
ably identifiable as cortical tissue could be demonstrated. The heart was 
somewhat dilated. 

This case is an example of the relative ease with which certain 
patients may be maintained with pellets during the absence of stress 
but who present a difficult problem in the presence of intercurrent 
illness. The cause of death may have been hypoglycemia, but this is 
conjectural. 

Case 6 (M. W.). A 30 year old woman who had suffered from the disease 
for 9 months was admitted in Ajiril, 1942. After the insertion of four 75 mg. 
pellets she was sent home on a diet containing 6 to 8 gm. of NaCl per day. 
She is able to do factorj'^ work at present and considers her strength to be 
adequate although not quite up to her prewous normal. 

Case 7 (R. P.). A 33 year old man, admitted in September, 1942, gave a 
9 months history of Addison’s disease. With four 75 mg. pellets in place he is 
now back at work as foreman in a steel mill and feels in every way as well as 
he had before the onset of his disease. His daily dietary salt intake totals 
approximately 10 gm. 

Comments. It is important to note that it was evident very early in 
the treatment of the 2 patients who Avere poorly maintained by pellets 
that they Avere shoAving a poor response. Those patients AAdiose initial 
response AA^as good have continued to maintain a favorable course, and, 
except for complications due to intercurrent illness, the}'- have not 
shoAvn any important fluctuations in status. 

The results of treatment in Case 2 may be considered totally unsatis- 
factory. Desoxycorticosterone therapy failed to maintain the appetite 
and body Aveight, and Avas not folloA\md by a subjective feeling of 
improvement. It also failed to prevent a terminal hj’poglA'cemia 
induced by fasting. In Case 3 the maintenance dose of hormone Avas 
probably too Ioaa’^, but more intensiAm treatment Avith desox.A'-corticos- 
terone by injection failed to alleviate the severe gastric symptoms, the 
hyperpyrexia, and the coma which preceded death. It is noteAvorthjq 
however, that both of these patients died Avithout going into the 
classical “crisis” of Addison’s disease. Blood pressure did not fall and 
there AA'^as no evidence of depletion of electrolytes and fluid. 

In the 5 remaining patients the pellet therapy may be considered to 
have produced very good results. All AA-^ere able to AA’ork. One felt as 
AA'ell and as strong as he did before the onset of the disease, and the 
others not only felt reasonably A\mll but Avere not seriously restricted 
in their activities. Patients Nos. 1 and 4, aa'Iao bad been maintained 
with salt therapy alone prior to treatment Avith pellets, felt stronger and 
in better general health Avhile under the latter form of treatment. 

The frequency AAuth Avhich liAqioglycemia Avas encountered is notable. 
The present results add confirmation to previous reports that desoxy- 
corticosterone does not repair the defect in carbohydrate metabolism 
Avhich is associated with adrenal insufficiency. When desoxycorticos- 
terone acetate is employed for maintenance of patients, one must, 
therefore, po’.nt out to the patient the danger of going AA'ithout food. 
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It should be insisted that an adequate food intake be maintained e\'en 
though the appetite fails. Hypoglycemic reactions are particularly 
apt to occur during infections and are probablj^ attributable not only 
to an impaired appetite but also to the stress of the infection itself. 

In the presence of a severe infection or any serious complicating 
illness the requirement for hormone is materially increased. The 
amount of hormone derived from the pellets becomes inadequate and 
intensive therapy with additional hormone is imperative. In such 
emergencies cortical extract in large doses should be given inasmuch as 
this preparation should theoretically provide cortical hormones with 
important physiologic properties not possessed by desoxycorticos- 
terone. Additional desoxycorticosterone acetate in oil may also be 
given if necessary to assist in the maintenance of blood pressure, and 
electrolyte and water balance. 

Summary and Conclusions. Five out of a series of 7 patients with 
Addison's disease were well maintained for 7 to 40 months b}'- pellets of 
desoxycorticosterone acetate and were able to carry on work in^mlving 
moderate physical activity. The other 2 patients were not satisr 
factorily controlled either by pellets or by the compound administered 
by injection. Both of these patients died from the disease. One 
patient died suddenly after an attack of appendicitis at a time when he 
seemed to be convalescing satisfactorily. 

Patients under therapy with pellets of desoxycorticosterone acetate 
may easily be thrown into hypoglycemia by fasting. They are partic- 
ularly vulnerable in the presence of an infection. Aside from its failure 
to restore normal carbohydrate metabolism, desoxycorticosterone is 
deficient in other respects. The symptoms of the disease cannot be 
controlled in all cases, and death cannot invariably be prevented no 
matter what dose is employed. It should be pointed out, however, 
that some cases of Addison’s disease also do not respond to cortical , 
extract. 

On the basis of the present observations it is concluded that pellet 
therapy with desoxycorticosterone acetate is highly useful for the 
maintenance of most patients with Addison’s disease. During infec- 
tions or other conditions imposing stress the requirement for hormone 
is increased, and under these circumstances additional therapy, chiefly 
in the form of cortical extract, should be given. 

The effective life of the 75 mg. pellet which is being used at present is 
approximately 9 to 10 months, the average daily absorption is 0.21 
mg. per pellet, and the average number of pellets required is four to six. 
The rate of absorption is reasonably constant from patient to patient 
and pellet to pellet. 

It has been possible to implant pellets without subjecting patients 
to a lengthy preliminary period of therapy with injections. In the one 
case in which removal of pellets was necessary because of overdosage 
the number of pellets had been deliberately increased for special 
reasons. Insertion of new pellets without removal of the old ones 
after the latter ha^'e been almost completely absorbed has not produced 
signs of overdosage. 



gray: use of fibrinogen in determining CELl, VOLUME 29 


R,EFERENCES 

1. Cutler, H. H., Po-wer, M. H., and Wilder, R. M.: J. Am. Med. Assn., Ill, 
117, 1938. 

2. DiMaio, M.: Rhode Island Med. J., 24, 203, 1941. 

3. Dryerre, H. W.: Brit. Med. J., 1, 971, 1939. 

4. Emmons, C. W.: Endocrinology, 28, 633, 1941. 

5. Fehrebee, j. W., Ragan, C., Atchlby, D. W., and Loeb, R. F.: J. Am. Med. 
Assn., 113, 1725, 1939. 

6. Forbes, T. R.; Endocrinology, 29, 70, 1941. 

7. Hampton, H. P., and Kepler, E. J.; Am. J. Med. Sci., 202, 264, 1941. 

8. Heni, F.: Klin. Wohnschr., 20, 145, 1941. 

9. Ingle, D. J,: Endocrinologj% 27, 297, 1940. 

10. Jimenez-Diaz, C., Parra, J., Roda, E., and Romero, A.: Rev. clin. espan., 
4, 20, 1942. 

11. Jonas, V., and Jelinek, M.: Acta med. Scand., 109, 134, 1941. 

12. Kendall, E. C.: J. Am. Med. Assn., 116, 2394, 1941. 

13. Lambert, P. P.i Bull. d. I’Acad. roy. d. mSd. d. belg., 5, 136, 1940. 

14. Levy-Simpson, S.: Proc. Roy. Soc. Med., 32, 685, 1939. 

15. Loeb, R. F.: Han'ey Lecture Series, 37, 100, 1941-1942. 

16. Long, C. N. H., Katzin, B., and Fry, E. G.: Endocrinologj', 26, 309, 1940. 

17. Long, G. N. H.: Endocrinology, 30, 870, 1942. 

IS. McCullagh, E. P., and Ryan, E. J.: J. Am. Med. Assn., 114, 2530, 1940. 

19. McGavack, T. H.: Am. Heart J., 24, 99, 1942. 

20. Moehlig, R. L.: Endocrinology, 27, 633, 1940. 

21. Robinson, F. J., Power, M. H., and Kepler, E. J.: Proc. Staff Meet., Mayo 
Clin., 16, 577, 1941. 

22. Segael, G.: Am. J. Med. Sci., 201, 202, 1941. 

23. SoPFER, L. J., Engel, F. L., and Oppenheimer, B. S.: J. Am. Med. Assn., 115, 
1860, 1940. 

24. Swingle, W. W., Hays, H. W., Remington, J. W., Collings, W. D., and Par- 
kins, W. M.: Am. J. Physiol., 132, 249, 1941. 

25. Thaddea, S.: Schweiz, med. Wchnschr., 71, 1202, 1941. 

28. Thorn, G. W., Howard, R. P., Emerson, K., Jr., and Firob, W. M.: Bull. 
Johns Hopkins Hosp., 64, 339, 1939. 

27. Thorn, G. W., Koepf, G. F., Lewis, R. A., and Oesbn, E. F.: J. Clin. Invest., 
19, 813, 1940. 

28. Thorn, G. W., and Firor, W. M.; J. Am. Med. Assn., 114, 2517, 1940. 

29. Thorn, G. W., Greif, R. L., Coutinho, S. P., and Eisenberg, H.: J. Clin. 
Endocrinol., 1, 967, 1941. 

30. Thorn, G. W., Dorrance, S. S., and Day, E.: Ann. Int. Med., 16, 1053, 1942. 

31. Ungerleideh, H. W., and Gubner, R.: Am, Heart J., 24, 494, 1942. 


THE USE OF FIBRINOGEN IN A RAPID METHOD OF 
DETERMINING CELL VOLUME 

By Seymour Gray, B.A., M.D. 

instructor in medicine, the UNIVERSin- OF CHICAGO 
CHICAGO, ILL. 

(From the Department of Medicine) 

The determination of the volume of packed red cells has assumed 
an increasingly important role not only in the differential diagnosis of 
the anemias but in the evaluation of blood volume, shock, hemorrhage 
and dehydration. The volume of packed red blood cells ‘‘ is an accu- 
rate index of the degree of anemia and is more easily and more accu- 
rately measured than even the red cell count. The cell volume con- 
stitutes the most useful single criterion of the degree of anemia avail- 
able. It also serves to correct the sedimentation rate of blood for the 
influence of anemia or polycjdhemia.’’^® The determination of the 
mean corpuscular volume, saturation index and volume index depends 
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in part upon the cell volume. The value of these studies in facilitating 
the diagnosis of the anemias has been established by Haden,® Osgood,’ 
Wintrobe’® and others. Finally, the cell volume determination has 
become an increasingly useful adjunct to the surgeon in recent years 
in measuring hydration and in the study of blood volume, hemorrhage 
and shock. 

The volume of packed red cells may be determined by centrifuging 
a quantity of blood to which a suitable anticoagulant has been added. 
Centrifugation is carried out until the cell volume remains constant 
and no further packing occurs. The time of centrifugation has varied 
widely with different workers. It depends upon the type of hemato- 
crit, the speed of centrifugation and the length of the arm of the 
centrifuge. The recommended period of centrifugation varies from 
30 minutes at 3000 r.p.m.’® to 90 minutes at the same speed.'* Haden® 
suggests 60 minutes at 2500 r.p.m. while other workers centrifuge the 
blood for 90 minutes at 2400 r.p.m.® The volume of packed red cells 
determined by centrifugation for 30 to 90 minutes is accurate to within 
0.5%. The object of this report is to describe a method of determining 
cell volume in 5 minutes with an accuracy equal to the 30-to-90 minute 
method. 

Fahraeus® in 1921 established the foundation for our present knowl- 
edge of the suspension stability of blood. He noted 'that fibrinogen 
decreased the negative charge on the red blood cells thus causing 
increased rouleaux formation and found that the increased sinking 
velocity of the red blood cells depended upon this increased agglutina- 
tion or aggregation of the red blood cells. Maximum aggregation 
and the most rapid sedimentation of the red blood cells occurred in 
solutions of fibrinogen. 

(The rapidity of sedimentation depends upon the size of the cell 
aggregates which in turn depends upon the fibrinogen content of the 
solution in which the red blood cells are suspended. The physico- 
chemical properties of fibrinogen affect the red blood cells in such a 
manner that the greater the plasma fibrinogen content the greater is 
the size of the settling red cell aggregates. The rate of. settling of 
the red blood cells is directly proportional to the square of the radius 
of the suspended particles and follows Stokes’ law of hydrodynamics. 
The size of the cell aggregates is thus the critical factor in the rate of 
settling of the red blood cells. y 

We have observed in a previous communication® that the addition of 
electrophoretically pure fibrinogen to heparinized blood increased the 
sedimentation rate 300 to 800%, the increase being proportional to the 
amount of fibrinogen added. When 0.4 gm. per 100 cc. fibrinogen 
was added to whole blood and the sedimentation rate was determined 
by Wintrobe’s method,*® the cells settled so rapidly that they ap- 
proached cell volume at the end of 1 hour. ^Since the rate of settling 
is proportional to the size of the cell aggregates and since the size of 
the cell aggregates depends upon the amount of fibrinogen added to 
the plasma,' we investigated the use of fibrinogen in developing a rapid 
method for. determining cell volume. 
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Method. Electrophoretically pure bovine fibrinogen, in the salt fonri pre- 
pared at the Armour Laboratories by the methods developed at the Depart- 
ment of Physical Chemistry, Harvard Medical School and supplied at the 
suggestion of Dr. Edwin J. Cohn, was used in all experiments. A neutral 
isotonic solution of fibrinogen was prepared by dissolving 0.31 gm. of the salt 
in 10 cc. of distilled water. Since the fibrinogen content is approximately 
52% and the salt content 48% the final protein concentration of the solution 
was 1.6 gm. per 100 cc. 

Heparin was the anticoagulant employed in all studies; 0.25 cc. of the 
fibrinogen solution (equivalent to approximately 4 mg. of pure fibrinogen) was 
added to 1 cc. of heparinized blood. The blood now containing an additional 
fibrinogen content of 0.4 gm. per 100 cc. was shaken gently to insure uniform 
mixing and was placed in a Wintrobe hematocrit tube and centrifuged for 
exactly 5 minutes. An interval timer was used to control accurately this 
period of centrifugation. Cell volumes were determined by reading the level 
of the cells and the upper level of the clear plasma in the hematocrit at the 
end of exactly 5 minutes of centrifugation. Determinations were made at 
1500 r.p.m., 1800 r.p.m. and 2100 r.p.m. with an International Centrifuge 
Size 1, Type C, radius 17 cm. 

Control studies were made simultaneously with heparinized blood contain- 
ing no added fibrinogen and with blood containing an additional 0.25 cc. of 
homologous plasma or saline. 

The cell volumes determined at the end of 5 minutes of centrifugation were 
compared with the cell volumes of the unaltered heparinized blood centrifuged 
for 60 fninutes. 

Sedimentation rates of the control blood and the blood with the added 
fibrinogen, plasma or saline were determined in each instance by Wintrobe’s 
method.!” 

Results. The 5-rainute method of determining cell i^olume was 
applied to 50 patients whose cell volumes varied between 17 and 68%. 
The cell volume determinations were between 20 to 30% in 6 of 
50 patients, 30 to 40% in 10, 40 to 60% in 23, 50 to 60% in 7 and 
60 to 70% in 4. The uncorrected sedimentation rates of the unaltered 
blood specimens varied between 0.5 and 64 mm. at the end of 1 hour 
(Table 1). 


Table I. — Cell Volumes of Blood Centrifuged fob 60 Minutes Compabed With 
Blood Containing Added Fibrinogen Centrifuged for 
5 Minutes at 1800 R.P.M. 

Cell volume * 


Pt. 

Control blood 
centrifuged 

Control blood 
+ 0.4 gm. per 100 cc. 
Sbrinogen 
centrifuged 

Sedimentation rate 

60 min. 

5 min. 

mm. in 1 hr. 

K . 

17.0 

16.7 


B . 

26.0 

26.2 

18.0 

D . 

29.0 

29.0 

34.0 

H . 

29.5 

29.8 

18.0 

C . 

33.2 

32.8 

33.0 

A . 
X . 
I . 

37.5 

37.1 

41.0 

43.2 

43.2 

9.0 

43.3 

42.9 

5.0 

z . 

T 

44.8 

45.0 

17.0 

J 

46.6 

46.5 

42.0 

y . 

48.0 

48.0 

5.0 

R . 

49.5 

50.0 

11.0 

58.0 

57.5 

.5 

E . 

58.1 

58.0 

2.0 

G . 

67.0 

67.0 

.5 

P 

68.0 

67.5 

.5/ 
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Centrifugation for 5 minutes of blood containing the added solution 
of fibrinogen jdelded cell volume determinations which were accurate 
to within 0.5% of the cell volumes of the unaltered blood centrifuged 
for 60 minutes at 1800 r.p.m. (Table 1). The mean deviation of the 
cell volumes obtained in 5 minutes was 0.24% in the 50 cases studied. 

The accuracy of the 5-minute method is thus within the range of 
accuracy of the present methods requiring 30 to 90 minutes of centrifu- 
gation. 

Table 1 demonstrates the accuracy of the method within a wide 
range of cell volumes (17 to 68%) and sedimentation rates (0.5 to 
42 mm.). That this accuracy is independent of cell volume range or 
sedimentation rate is also illustrated in Figure 1 which compares the 
cell volumes of blood centrifuged for 60 minutes Avith blood containing 
added 0.4 gm. per 100 cc. fibrinogen centrifuged for 5 minutes at 
widel 3 ^ divergent cell volumes and sedimentation rates. 

<£ >■ 



Fig. 1. — Comparative cell volume of blood centrifuged 60 minutes and blood with 
added fibrinogen centrifuged for 5 minutes. 


The effect of the speed of centrifugation upon the 5-minute cell 
Amlume determinations is noted in Table 2. The most accurate results 
Avere obtained bj'^ centrifuging the blood at 1500 to 1800 r.p.m., the 
mean deAuation from the 60-minute control being 0.26% and 0.17% 
respectiveljL 

The 5-minute cell Amlume AA'as identical with the 60-minute control 
in 4 of the 12 studies at both 1500 and 1800 r.p.m. The greatest single 
deAuation was 0.5%. At 2100 r.p.m. the dilution effect became appar- 
ent and the 5-minute cell Amlumes AA'ere 1 to 2% lower than the 60- 
minute determinations. The mean deAuation at 2100 r.p.m. AA'as 
1.25%. It maj- be concluded therefore that centrifugation should be 
carried out at isOO to 1800 r.p.m. and that an error is introduced at 
higher speeds of centrifugation. Table 2 also demonstrates that the 
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accuracy of the 5-minute method is not affected by the range of cell 
volume or sedimentation rate. 


Table 2. — Effect of Speed of Centrifugation on Cell Volumes 
Determined in 5 Minutes 


Control blood 
centrifuged 

60 min. at 

Control blood with added 
fibrinogen centrifuged 
for 5 min. 

Sedimentation 
rate of control 

Sedimentation 
rate of control 
blood noth 

1500 

1800 

2100 

blood 

added fibrinogen 

1800 r.p.m. 

r.p.m. 

r.p.m. 

r.p.m. 

mm. in 1 hr. 

mm. in 1 hr. 

46.9 . . 

. . . 47.2 

46.8 

45.2 

25.0 

48 

33.2 . . 

. . . 33.2 

33 0 

32.5 

31.0 

61 

32.2 . . 

. . . 32.3 

31.9 

31.5 

60.0 

67 

22.8 . . 

. . . 22 8 

22.6 

22.2 

46.0 

73 

52.0 . . 

. . . 52.0 

51.7 

50.5 

18.0 

53 

36.5 . . 

. . . 36.2 

36 0 

35.5 

12.0 

55 

44.0 . . 

. . . 44.3 

43.8 

42 7 

10.0 

47 

22.8 . . 

. . . 22.8 

22 6 

21.8 

64.0 

70 

63.0 . . 

. . . 03 2 

63.0 

61.5 

1.0 

33 

07.5 . . 

. . . 68.0 

67.5 

66.0 

0 5 

22 

09. 0 . . 

. . . 69.5 

69 0 

67 5 

0 5 

14 

44.0 . . 

. . . 44 5 

44.0 

42 8 

19 0 

47 


Comparati\'e 5-minute cell volume determinations of blood contain- 
ing added fibrinogen, homologous plasma and saline indicate that 
accurate and consistent results are obtained with fibrinogen only 
(Table 3). This was demonstrated in the following manner: 0.25 cc. 
of the fibrinogen solution, homologous plasma and physiologic saline 
was added respectively to each of 3 tubes containing 1 cc. of blood, 
and the cell volume was determined by centrifugation for 5 minutes 
in the usual manner. Consistent and accurate cell volume determina- 
tions were obtained only in the blood specimens containing the added 
fibrinogen solution. The mean deviation from the 60-minute control 
Avas 0.2%, and the maximum deviation for this group was 0.5% 
(Table 3). 

Table 3. — Comparative 5-minute Cell Volumes of Blood Containing Added 
Fibrinogen, Homologous Plasma, and Saline 


Control blood 
centrifuged 

60 min. at 

1800 r.p.m. 

1 CC. blood + 0*25 cc. 

fibrinogen solution 
centrifuged for 5 min. 

1 CC, blood + 0.25 cc. 

homologous plasma 
centrifuged for .5 min. 

1 CC. blood 
+ 0.25 cc. 
physiologic saline 
centrifuged 
for 5 min. 

Cell volume 

1500 r.p.m. 

1800 r.p.m. 

1500 r.p.m. 

1800 r.p.m. 

1800 r.p.m. 

22.8 . . 

. 22.8 

22.6 

21.8 

20.4 

25 

32.2 . . 

. 32,3 

31.9 

30,5 

28.5 

35 

33.2 . . 

,. 33.2 

33.0 

35.0 

34.2 

36 

36.5 . . 

. 36.2 

36.0 

36.7 

36.0 

40 

44.0 . . 

. 44.5 

44.0 

48.0 

42.2 

49 

46.9 . . 

. 47.2 

46.8 

48.5 

46.7 

51 

47.0 . . 


47.2 


51.5 

53 

52.0 . . 

. 62,0 

51.5 

55.5 

50.0' 

57 

63.0 . . 

. 63.2 

63.0 

67.5 

65.0 

68 


Dilution of the blood Avith homologous plasma gaAm widely A^ariable 
results. Centrifugation at 1500 r.p.m. for 5 minutes yielded cell 
Amlume determinations 0.2 to 4.5% higher than the 60-minute cell 
A’olumes in some cases and 1 to 1.7 % loAA'er in others. The mean deAu- 
tion from the control AA^as 2.3% with a maximum deAuation of 4.5%, 
Centrifugation at 1800 r.p.m. yielded cell A'olume determinations 0.2 
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to^2.4% lower than the 60-minute control in some instances and 1 to 
4.0% higher in others. The mean deviation was 2.1% and the maxi- 
mum deviation 4.5%. 

The addition of phj^siologic saline to blood resulted in consistentl}'^ 
high cell volumes when the blood was centrifuged for 5 minutes at 
1800 r.p.m. The mean deviation was 4.2% when compared with the 
60-minute control, and the maximum deviation was 6%, 

"^Mien unaltered heparinized blood was subjected to consecutive 
5-minute centrifugations for 1 hour at 1800 r.p.m. (Fig. 2) the cell 
volume reading at the end of the first 5 minutes was 60.8% and then 
fell to 50.8, 49.5, 48.5, and 47.5% at 10, 15, 20 and 25 minutes respec- 
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Fio- 2. — The effect of fibrinogen upon the sediraentation rate and cell volume of blood. 


tivelj’’ until complete packing occurred at 60 minutes and a constant 
reading of 44.8% was obtained. When 1 cc. of the same blood con- 
taining an added 0.25 cc. of fibrinogen solution was centrifuged for 
5 minutes at 1800 r.p.m. the cell volume was 45%, almost identical 
with the cell volume determination of 44.8% observed in the unaltered 
blood centrifuged for 60 minutes (Fig. 2). During the subsequent 
5-minute periods of centrifugation the cell volume fell to 43, 42, 41.2 
and 40.9% at 10, 15, 20 and 25 minutes re.spectively as a result of dilu- 
tion with the fibrinogen solution. The sedimentation rate was in- 
creased from 17 to 50 mm. at the end of 1 hour by the addition of 
0.25 cc. of the fibrinogen solution to I cc. of blood (Fig. 2). 

Figure 3 demonstrates the effect of fibrinogen upon blood with a 
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slow sedimentation rate. The addition of 0.25 cc. of the fibrinogen 
solution to 1 cc. of this blood increased the sedimentation rate from 
5 to 49 mm. in 1 hour. 

After 5 minutes of centrifugation at 1800 r.p.m. the cell volume 
reading of the control blood specimen was 67% compared with a 
determination of 48% for the same blood containing the added fibrino- 
gen centrifuged for the same period of time at the same speed. At 
the end of 60 minutes of centrifugation, however, the control cell 
volume was 48%, identical with the 5-minute determination of the 
blood containing added fibrinogen (Fig. 3). 

CC > 

(0 li 



Fig- 3.— The effect of fibrinogen upon the sedimentation rate and cell volume of blood. 

The 5-minute method of determining cell volume is equally accurate 
for blood with a high cell volume and slow sedimentation rate as 
demonstrated in Figure 4. Although the sedimentation rate of the 
blood was increased from the original rate of 0.5 mm. to only 5 mm. 
in 1 hour by the addition of fibrinogen, the 5-minute centrifugation of 
this blood yielded a cell volume of 67%, identical with the cell volume 
obtained by centrifuging the control blood for 60 minutes at 1800 r.p.m. 
The cell volume reading of the control blood after 5 minutes of centri- 
fugation was 86.5 % (Fig. 4). Centrifugation of the unaltered blood for 
45 minutes at 3000 r.p.m. also yielded a cell volume reading of 67%, 
again confirming the accuracy of the 5-minute determination. 

The accuracy of the method is not affected by low cell volumes or 
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Fig. 4.— Tlie effect of fibrinogen upon the sedimentation rate and cell volume of blood. 
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Fig. 5. — The effect of fibrinogen upon the sedimentation rate and cell volume of blood. 
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high sedimentation rates. This is demonstrated in higure 5. The 
cell volume of the blood containing added fibrinogen was 29% after 
5 minutes of centrifugation at 1800 r.p.m. The unaltered blood 
yielded cell volume readings of 39.8% after 5 minutes of centrifugation 
and 29% after 60 minutes of centrifugation, the latter identical to the 
5-minute cell volume of the blood containing the added fibrinogen. 
The sedimentation rate of the control blood was 34 mm. in 1 hour and 
was increased to 66 mm. by the addition of the fibrinogen solution. 

Discussion. There are two factors responsible for this rapid method 
of determining ceil volume. The primary factor is the fibrinogen 
itself. The addition of an excess of fibrinogen to blood increases the 
size of the red cell aggregates thus promoting very rapid settling so 
that the cell volume is reached within 5 minutes of centrifugation at 
1500 to 1800 r.p.m. 

The second factor is that of dilution. The addition of 0.004 gm. 
fibrinogen in the dry salt form to 1 cc. of blood does not result in as 
accurate and consistent cell volume determinations after 5 minutes of 
centrifugation as does the addition of 0.25 cc. of the fibrinogen solution 
containing 0.004 gm. fibrinogen as recommended. It has been repeat- 
edly demonstrated that the rate of settling of blood cells is increased 
by dilution. Cutler^ believes that the dilution factor increases the 
rate at which the red blood cells fall because the “activating factors 
in the plasma,” presumably fibrinogen, “have a greater opportunity to 
drive the remaining cells into rouleaux.” Others® believe that by 
decreasing the number of particles in suspension the mean free path 
of such particles becomes greater, and the rate at which the particles 
settle is increased. 

That the dilution factor alone is not responsible for this method of 
determining cell volume is shown in Table 3. The addition of 0.25 cc. 
of homologous plasma to 1 cc. of blood yielded inaccurate and variable 
cell volume determinations after 5 minutes of centrifugation. This 
may be explained, in part, by the variation in fibrinogen content of 
different blood plasmas. Grossly inaccurate and high cell volume 
determinations were noted after a similar dilution of the blood with 
physiologic saline since saline inhibits the aggregation of red blood cells. 

If heparinized blood is subjected to consecutive 5-minute centrifuga- 
tions for 60 minutes at 1800 r.p.m. and the level of the red blood cells 
is recorded graphically, the resulting figure is a vertical curve consist- 
ing of two phases (Figs. 2, 3, 4 and 5). The first phase is that in which 
the red blood cells descend very rapidly in the tube as a result of cen- 
trifugation; this phase is of 10 minutes’ duration and is graphically 
represented by a straight line which may be vertical or slightly diagonal, 
depending upon the size of the cell aggregates. The second phase is 
that of packing and is influenced by the degree of anemia or dilution. 
I his phase is complete when the level of red blood cells remains 
constant after several consecutive 5-minute periods of centrifugation. 
At ISOO r.p.m. this phase requires 40 to 50 minutes of centrifugation. 
At this point the cell volume is attained. 

When tlie fibrinogen solution is added to the blood rapid aggregation 



38 geay: use of fibrinogen in determining cell volume 


of the red blood cells occurs and large cell aggregates are formed. Since 
the rate of settling depends upon tlie size of the cell aggregates the red 
blood cells fall very rapidly upon centrifugation at 1500 to 1800 r.p.m. 
The curve becomes more vertical and is shifted to the left so that the 
first phase is complete in 5 minutes (Figs. 2, 3, 4 and 5). This period of 
rapid settling determines the cell ^mlume of the blood. The cells 
have fallen so rapidly that the cell volume determination after 5 min- 
utes of centrifugation is the same as that of the unaltered blood after 
60 minutes. Centrifugation of this blood containing the added fibrino- 
gen solution for more than 5 minutes produces the onset of the second 
phase. Since this second phase is influenced considerably by the 
degree of dilution further packing of the cells occurs, and the cell 
volume falls below that of the unaltered blood (Figs. 2, 3, 4 and 5). 
For this reason it is very important to time the 5-minute period of 
centrifugation accurately. If this is not done the cell volume deter- 
minations will be low as a result of the dilution factor. The use of an 
interval timer is the simplest means of insuring accuracy. 

The phases of rapid settling and packing observed in blood sub- 
jected to consecutive 5-minute periods of centrifugation are very simi- 
lar to the phases of sedimentation and packing described by Cutler- for 
rapidly sedimenting blood. 

The pronounced accelerating effect of the fibrinogen solution upon 
the sedimentation rate of erythrocytes is demonstrated in Table 2 
where increases in the sedimentation rate of 300% or more may be 
observed. If the sedimentation rates are recorded graphically vertical 
curves “ indicating the most rapid form of sedimentation are observed 
when the fibrinogen solution is added to blood (Figs. 2, 3 and 5). All 
sedimentation rates in this communication are recorded directly with- 
out correcting for anemia or dilution since we are concerned primarily 
with the sedimentation rate of the blood containing the added fibrino- 
gen solution in its relation to the rapid determination of cell volume 
rather than with the corrected sedimentation rate as a manifestation 
of disease. Although there is considerable controversy concerning the 
advisability of correcting for anemia, the addition of 0.25 cc. of homolo- 
gous plasma to 1 cc. of blood does result in a moderate increase in the 
sedimentation rate, but the increase in rate does not approach that 
caused by the addition of 0.25 cc. of the fibrinogen solution to an equal 
amount of blood. Physiologic saline decreases the sedimentation rate. 
Neither homologous plasma nor saline is satisfactory for the rapid 
method of determining cell volume. 

It should be emphasized that the time and dilution factors described 
have been standardized for the Wintrobe hematocrit and that this 
rapid method is accurate onlj'’ when the Wintrobe hematocrit is used. 
The above principles, however, may be applied to any other hematocrit. 

The average cell volume determination by the 5-minute method for 
10 healthy men and women was 45.9 and 41.5% respectivelj'-, compar- 
ing favorably with the normal ■s’^alues of other investigators.®’’^’*® 

The advantages of a rapid and accurate method of determining cell 
\-olume in the stud 3 ^ of shock, hemorrhage and dehj^dration are obvious. 
The method of determining the volume of packed red cells in 5 minutes 
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as described is simple, does not require a high speed centrifuge and is as 
accurate as the present methods requiring 30 to 90 minutes of cen- 
trifugation. 

Summary. 1. Centrifugation for 5 minutes of heparinized blood 
containing an electrophoretically pure bovine fibrinogen solution 
yielded cell volume determinations which were accurate to within 
0.5% of the cell volumes of unaltered blood centrifuged for 60 minutes 
at 1800 r.p.m. The accuracy of the 5-minute method was within the 
range of accuracy of present methods requiring 30 to 90 minutes of 
centrifugation. 

2. This rapid method of determining cell volume was applied to 
50 patients and was found exceedingly accurate within a wide range of 
cell volumes (17 to 68%) and sedimentation rates (0.5 to 42 mm.). 
The mean deviation was 0.24% and the accuracy of the method was 
not affected by the range of cell volume or sedimentation rate. 

3. Comparative 5-minute cell volume determinations of blood con- 
taining added fibrinogen, homologous plasma and saline indicated that 
accurate and consistent results were obtained only in the blood speci- 
mens containing the added fibrinogen solution. 

4. The most accurate results were obtained by centrifugation of the 
blood containing the fibrinogen solution for 5 minutes at 1500 to 
1800 r.p.m. 

5. When heparinized blood was subjected to consecutive 5-minute 
periods of centrifugation and the level of the red blood cells was 
recorded graphically the resulting figure was a vertical cmve consisting 
of two phases: rapid settling and packing. The addition of the 
fibrinogen solution to blood increased the rate of settling of the erythro- 
cytes and produced a more vertical curve so that the first phase was 
completed in 5 minutes and recorded the cell volume. 

6. The pronounced accelerating effect of the fibrinogen solution upon 
the sedimentation rate of er jdhrocjdes and the mechanism of the rapid 
method of determining cell volume were discussed. 
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THE INHALATORY ROUTE FOR PROPHYLAXIS AND 
TREATMENT OF EXPERIMENTAL INIXUENZA* 

I. The Distribution of Inhaled material 
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UNIVERSITY OF CALIFORNIA 
AND 

William R. Lyons, Ph.D. 

DIVISION OF ANATOMY, UNIVEBSITV OF CAlilPORNIA, BCHOOL OF MEDICINE 

BEnKELEY, CALIF. 


The work of Smorodintseff and co-workers^”-^^ and Nachaev*® on 
the prevention and treatment of human influenza by inhalation of 
immune horse serum lias stimulated our interest in this subject. 
Complete data on the apparatus and methods used by the Russian 
authors are not given in their available publications. 

The chief route of transmission of epidemic influenza is bj'^ direct 
inhalation of infective material either in the form of small droplets or 
droplet-nuclei of the Fliigge type. Once infection has established itself 
it is probable that the whole respiratory tract from nasal epithelium 
to the distal alveoli of the lungs is involved. Nevertheless, uncompli- 
cated influenza must still be regarded as a localized infection, since it 
is rare that other body sites are infected. 

The approach of Smorodintseff and Nachaev in attempting to reach 
the susceptible or infected area with serum by the onlj’- direct route is 
a most logical one. Intravenous and intramuscular injections of im- 
mune serum were attempted during the epidemic of 1918-19 Avith 
doubtful results, ivhile it has been repeatedly shoAvn^®'®^’®® that the 
intranasal administration of immune serum to mice is superior to sub- 
cutaneous, intra-abdominal or intravenous routes for protection and 
treatment of the experimental animal. 

Before attempting clinical trials of the inhalation method it Avas 
decided to inA^estigate the efficiency of the mode of administration in 
penetrating the deeper passages of the respiratory tract. There is no 
doubt that intranasal insufflation of fluids results in an uneven distribu- 
tion of the material. The ideal method of administration to humans 
would be one which not only would distribute the inoculated material 
eA’^enly but AAmuld reach the deeper respiratory passages as aa^cII. The 


* The opinions advanced in this paper arc 
the official views of the Navy Department. 

t The Unit Personnel consists of Albert P 
Officer-in-Charge, and 
A. S. Browne, Lieut., U. S. N. R. 

O. J. Golub, Lieut., U. S. N. R. 

L. E. Rosenberg, Lieut., U. S. N. R. 

N. S. AVest, Lieut., U. S. N. R. 

A. H. Jacobs, Lieut, (jg,), (M. C.l U. S. N. R. 
J. R. Mathews, Lieut, (jg.), U. S. N. R. 

H. M. S. AA^atkins, Lieut, (jg.) U. S. N. R. 

A. J. Glazko, Ensign, U. S. N. R. 

G. B. Saviers, Ensign, U. S. N. R. 

M. D. Thaxter, Ensign, U. S. N. R. 


those of the writers and do not represent 

Krueger, Commander (M C) U. S. N. R., 

1. L. Shechmeister, Pharm., U. S. N. R. 
AV. L. A.xelrod, C.Ph.M., U. S. N. R. 
E. R. Chisholm, Ph.M., Ic, U. S. N. R. 
P. J. Smith, Ph.M., Ic, U. S. N. ’ 

C. R. AA^ebb, Jr., Ph.M., Ic, U. S. N. R. 
H. R. Burkhead, Ph.M,, 2c, U. S. N. R. 
AV. D. AVon, Ph.M., 2c, U. S. N. R. 

D. D. Mentz, Ph.M., 3c, U. S. N. 

A. D. Dolan, Jr., H.A., Ic, U. S. N. 



LYONS ET AL.: EXPEKIMENTAL INFLUENZA 


41 


disadvantages of the intranasal route in mouse inoculations of both 
serum and virus suspensions led Zellat and Henle^® to suggest atomiza- 
tion of serum in order to assure its more uniform distribution. 

It is evident that any device to be used in inhalation experiments 
must be capable of producing a fog of very finely divided particles and, 
at the same time, operate at a high rate of efficiency in terms of amount 
of liquid atomized per unit volume of air required for the atomization 
process. In this paper, the first part of a series, is described the con- 
struction and preliminary performance data of an improved atomizer 
deveiloped in this laboratory. 

All atomizers operate on essentially the same principle, namely, 
impinging air and liquid at sufficient velocity to break up the liquid 
into small particles. The ordinary household fl 3 ^-sprayer is a good 
example of a simple atomizer employing a relatively slow moving 
stream of air directed at right angles across a liquid source rising in a 
capillarj'^ tube. Several refinements have been made in this basic type 
atomizer. A modified Wells atomizer®® built into a Florence flask and 
emplojdng a mixture of liquid and air driven at high velocity through 
a small orifice has given good results. Such atomizers have the advan- 
tage of delivering a uniformly small particle size bj’’ screening out the 
larger particles within the bodj'’ of the flask. These droplets are 
returned to the reservoir and then re-atomized. This type of atomizer 
has the disadvantage of a very low total output per unit time, and, for 
work of the nature being done in this laboratory, is quite unsuitable. 

The atomizer herein described delivers uniformly small particles in 
an efficient manner at the rate of approximately 55 to 65 cc. per hour 
and j^et operates within a pressure range readily obtainable in the 
laboratorj’-. Figure 1 shows the atomizer built for these studies; it is 
a composite modification of the existing atomizers of this type rather 
than something entirely new. 

The body of the atomizer is a 2 liter Florence flask. The jet. A, is 
made of J inch (I.D.) glass tubing drawn to a tip with an orifice of 
approximately ^ inch. Within this tube is fused a smaller tube of 
^ inch (I.D.) drawn to a tip of approximately inch orifice. The 
air stream passes up tlie inner tube and out the common orifice of 
the two tubes, thereby creating a partial vacuum in the space between 
the adjacent walls of tlie inner and outer tubes. The small hole 
shown at tlie base of jet A leads to tlie reservoir of liquid which is 
drawn up into this space and is driven out into the flask with tlie 
air stream from tlie inner tube. The mixture of liquid and air is 
tlien met by the opposing air streams from jets B and B'. These two jets 
with orifices of approximately inch, are made of | inch glass tubing 
and are joined together at the base. The placement of the two jets 
for producing best results was determined empiricall 3 ^ When the air 
jets are placed ver^'’ close to the air-liquid jet the deliver^’^ of liquid is 
almost stopped; on the other hand, if they are fixed bejmnd the optimal 
distance much of the air-liquid mixture is by-passed Jfround the oppos- 
ing air streams and the additional effect of finer dispersion of the 
liquid particles is lost. A considerable portion of the atomized liquid 
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impinges on the surface of the Florence flask, the larger droplets return- 
ing to the reservoir while the small particles are carried out of the 
atomizer with the air current. 

The operating efficiency of the atomizer is influenced by the dimen- 
sions of the air jets and the air-liquid jet and by the air pressure em- 
ployed. Other factors, such as temperature an.d relative humidity of 
the air, the viscosity, boiling point, temperature, etc., of the liquid 
will also influence its performance. The occurrence of a distillation 
effect, inversely related to the humidity of the air introduced, has been 
noted. These problems are being investigated in our laboratories at 
this time. The following calibrations are tentative and have purposely 



Fig. 1. — Atomizer which delivers uniformly small particles at rate of approximately 
55 to 65 cc. per hour at pressure range readily obtainable in the laboratory. 


ignored many of the complicating factors in order that rough perform- 
ance data could be obtained and utilized for investigating direct im- 
munization of the respiratory tree. 

The curve shown in Figure 2 depicts the efficiency data for one of 
these atomizers at various air pressures. The calibrations were made 
at room temperature (21° C., relative humidity averaging 55%) using 
distilled water as the liquid. The air pressure is shown on the abscissa 
in terms of centimeters of mercury while the volume of water atomized 
per unit volume’of air (cc./liter) is plotted on the ordinate. It will be 
seen that within the ranges of pressure from 20 to 55 cm. of mercury 
the calculated efficiency is expressed in a smooth curve. The efficiency 



LYONS ET AL.: EXPERIMENTAL INFLUENZA 


of the atomizer increases with each increment in operating pressure, 
but at a gradually diminishing rate. At 40 cm. of mercury the atom- 
izer has an output of approximately 0.024 cc./liter of air delivered to 
the atmosphere. The upper pressure ranges were used most com- 
monly because the greater output of the atomizer permits more rapid 
attainment of equilibrium in the experimental chamber. 



Fig. 2. — EfEciency curve— centimeters’ of water delivered per liters of air. 


It has^ not been deemed necessary to determine accurately the 
particle size delivered by the atomizer at this time. Although several 
methods are described in the literature we have not found one which 
Ave feel would be sufficiently accurate to justify such determination. 

In order to im^estigate the extent to which a suspension atomized 
through the apparatus described would penetrate into the lung sub- 
stance, a full grown Macacus rhesus monkey was confined in an atmos- 
phere of India ink sprayed in a 1:10 dilution for 1 hour. The air 
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pressure was held at 40 cm. of mercury. Upon completion of the 
atomization the animal was chloroformed and autopsied immediately 
to determine the carbon distribution. 

No carbon was observed in the mouth, thus suggesting that most 
of the inspired vapor had been taken in through the nose. The vesti- 
bules of the nares and the nasal cavities in general contained carbon, 
although the distribution was not uniform, more of the particles col- 
lecting in the anterior and posterior thirds. Carbon particles were 
found entangled in the mucus covering the membrane of the lateral 
and septal walls as well as on the cpnchre. Considerable quantities of 
the ink had collected in the nasopharjmx and some appeared in the 
openings of the auditory tubes. 

The oral pharjmx had apparently been cleared of any grossly detect- 
able amount of carbon through swallowing of the salivary and oral 
secretions. This was also true of the esophagus, which showed negli- 
gible traces of carbon, but the presence of a considerable amount of ink 
in the stomach indicated that the particles collecting on the pharyngeal 
surface, either from the nasal or oral cavities, had been rapidly swal- 
lowed. Some of the carbon which had not been caught in the mucus 
of the nasal passages found a partial barrier in the vocal cords, which 
were stained black. Some carbon was also obser\'ed in the ventricular 
recess. 

Carbon was found in a spotty distribution along the trachea and 
bronchi. Wherever the inspired air current had turned at an angle 
due to the branching of the respiratory tract, more carbon was seen to 
have accumulated. Examination of slices of the fixed lung tissue 
under the dissecting microscope showed that the inspired material 
had penetrated into the ah^eolar spaces and was readily detected im- 
mediatelj'' below the visceral pleura. These observations were con- 
firmed by examination of stained sections. The latter also re^^ealed 
“dust cell” aggregates, an essentially normal feature resulting from 
the chronic inhalation of dust particles and usually seen in most 
monkeys of this age. 

In order to compare the distribution of particulate material obtained 
by spraying with that obtained by intranasal instillation, 4 cc. of a 
1 : 10 aqueous dilution of India ink was administered over a period of 
about 5 minutes by dropper instillation into the nostrils of a full-grown 
M. rhesus monkey maintained under light ether anesthesia. The ani- 
mal was then killed by injecting 2 cc. of ether intracardially and an 
autopsy performed. The lungs were removed in continuity with the 
bronchi, trachea and larynx, and the air passages from the epiglottis 
to the smallest bronchi were then laid open with the scissors. Consid- 
erable carbon was found entangled in mucus in the larynx, especially 
above the vocal cords. The visible distribution of carbon in the 
trachea was irregular, a few black patches of carbon-containing mucus 
being found at intervals along the tract. Occasional minute deposits 
of ink could be detected within the smaller bronchi, especiallj" in the 
middle and lower lobes. There were in all not more than 10 areas of 
diffuse blackening in the respiratory tissue proper. How much carbon 
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had reached the alveoli was not ascertained, but it was quite evident 
that it was very small compared with the amount seen in the lungs of 
the animal which had been sprayed. 

No carbon could be detected on the pharjmgeal mucous membrane, 
nor in the upper half of the esophagus. The lower half of the esopha- 
gus contained an abundance of the carbon-mucus mixture and in the 
stomach there was estimated to be more than half of the adminis- 
tered ink. 

A considerable amount of carbon embedded in mucus was found in 
the nasopharynx, and the posterior third of the nasal passageway 
was also congested with black mucus. This was likewise true of the 
vestibule and the anterior part of the nasal cavity proper. The mucous 
membrane covering the middle third of the turbinates, septum, and 
lateral walls was relatively free of carbon. Judging from the amount 
of carbon found to have been swallowed within a few minutes after 
introduction into the nares, the bulk of the carbon-mucus mixture still 
remaining in the nasal cavity would also have found its way into the 
alimentary tract in a short time. The carbon-free zone of oral pharynx 
and upper esophagus points to the operation of a rapid and very effec- 
tive swallowing mechanism for clearing the particulate matter that 
becomes grounded in the nasal mucus and is moved along by ciliary 
action to the pharynx. 

One inescapable conclusion is that the intranasal instillation method 
provides a rather direct route to the alimentary tract, especially when 
fluid is introduced that may act to incite an increased flow of mucus. 
The inhalation of a finely vaporized spray directly into the larynx 
through the mouth should permit much less swallowing of the material. 

In order to determine roughly the proportionate distribution of 
inspired particulate matter, a third experiment was carried out using 
a suspension of radio-active chromic phosphate (Cr2P04)* in place of 
the India ink. 

The tidal air of a M. rhesus monkey (weight, 7 f pounds) under intra- 
venous nembutal anesthesia was determined by means of an intra- 
tracheal cannula connected to a respirometer. Several determinations 
were made and the consecutive results are presented in Table 1 . 

Table 1. — Tidal Air Determination {M. rhesus). 


Time of .-Vverage 

measurement respirations State of Air per minute 

. (min.') per min. breathing (cc.) 

18.0 .32 Shallow 553 

3 8 26 Deeper; regaining 905 

consciousness 


(More nembutal 
administered) 

2 30 Deep ; partially 769 

conscious 

8 26 Shallow 543 

13 8 25 Shallow 542 

It is^ evident that if the animal is kept at a constant level of anes- 
thesia its tidal air can be determined and close checks obtained. The 

* Obtained through the courtesy of Dr. Hardin Jones, Donner Medical-Phy=ics 
Laboratory, University of California, Berkeley, Calif 
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average for the three determinations (1, 4 and 5) is 546 cc. per minute. 
As soon as the animal regains partial consciousness the tidal air 
increases markedly. It was not possible to obtain figures for tidal air 
of the fully conscious monkey. 

The next day the same monkey was put under intra^^enous nembu- 
tal anesthesia and placed in a chamber which had previously been sub- 
jected to a spray of radio-active chromic phosphate for 37 minutes to 
bring the concentration of the fog to equilibrium. The animal was 
exposed to the spray for 40 minutes. During the 77 minute total 
sprajnng 79 cc. of the material, containing 0-1 microcimie per cc., were 
atomized at a pressure of 40 cm. mercury. At the termination of this 
period the mo^ey was killed and autopsied. 

Except for a region extending about 4 mm. within the nasal vestibule, 
where a yellowish-gray deposit was observed, no chromic phosphate 
could be detected grossly throughout the body of the animal. There 
were no signs of inflammation or hyperemia in the respiratory or ali- 
mentary organs. 

A small section from the apical region of the lung was frozen and 
dried in tacuo and a free-hand razor blade section weighing 5 mg. 
made. This was laid out on a piece of blotting paper covered with 
cellophane and tested against a Roentgen ray film for beta ray emana- 
tions. After a 3 day exposure a picture was obtained, indicating that 
finely atomized particulate matter was uniformly distributed through- 
out the lungs, the image of the print following the exact outline of the 
tissue section tested. 

The lungs, dissected free from adjoining tissue and separated from 
the trachea, weighed 24 gm. They were frozen and dried in vacuo 
and then incinerated in a flat porcelain dish at a temperature which 
left a residue of ash including the chromic phosphate. This ash was 
analyzed for radio-activity by means of a beta-counter, and the value 
obtained used to determine the total amount of atomized chromic 
phosphate remaining in the lungs after inhalation. 

Beta counts made on the chromic phosphate residue remaining in 
the atomizer after atomization showed an increase of 100% from 0.1 
to 0.2 microcurie per cc., indicating that a distillation effect was taking 
place during the spraAung. By calculation of the amount of radio- 
actiAuty contained in the 97 cc. of the original sample introduced into 
the atomizer and the amount remaining in the residue, it was possible 
to determine the aA^erage actiA'ity of the 79 cc. which were delivered to 
the atmosphere of the monkey. From the knoAAm figures on air and 
fluid delh'erA' of the atomizer and the preAuousIj' determined figures on 
tidal air under nembutal anesthesia it was calculated that the monkey 
had inspired a total of 0.59 cc. of radio-actii'e material. Bj' radio- 
acth'itj' measurements of the lungs of the same monkey it was calcu- 
lated, bA^ comparison Avith a control chromic phosphate sample, that 
approximately 0.1 cc. of the material or 0.01 microcurie had been 
retained in the lungs. In A'iew of the fact that a second monkey treated 
similarly showed that of the total amount of radio-active material con- 
tained in the body, 75% was in the respiratory tract and only 25% 
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in the alimentary tract, the difference between the amount calculated 
to have been inspired, 0.59 cc. and the amount retained, 0.1 cc., must 
be considered to be due chiefly to the material exhaled. Heubner^'^ 
states that between 50% and 80% of an inhaled suspension is exhaled 
by man. With an undeterminable variable of such magnitude at play 
it is difficult to assess the accuracy of our figures until repeated con- 
firmations are obtained. Theoretically, using a radio-active substance 
as an indicator would seem to be a relatively accurate experimental 
method to determine such values for animals. 

Another radio-autographic print was made with a teased lung section 
from one of a group of mice exposed to radio-active chromic phosphate 
for 1 hour, and showed the same penetration and uniform distribution 
of atomized particles in the lung tissue proper. 

The data summarized above offer such clear-cut evidence of the 
superiority of the inhalatory method that it was considered advisable 
to employ it in experiments designed to test the value of influenzal 
antiserum for the protection and treatment of man. 

Summary. 1. An atomizer has been described which is capable of 
producing a fine particle mist with high efficiency in terms of volume 
of atomized liquid per unit volume of air delivered. Preliminary per- 
formance data are presented. 

2. India ink and radio-active chromic phosphate were used as indi- 
cators in experiments on monkeys and mice to compare the inhalatory 
method and the intranasal route. The superiority of the inhalatory 
method with respect to distribution and penetration of both materials 
was definitely established. 

n. Immune Serum in Prophylaxis and Treatment* 

By THE Personnel of Naval Laboratory Research Unit No. 1 

Introduction. — ^The application of immune serum directly to the 
respiratory tract for the purpose of conferring a passive immunity is 
not a recent innovation. Besredka^ as long ago as 1920 advocated 
intratracheal injections of immune serums for development of a general 
passive immunity. He claimed that this method would not only con- 
fer a strong, immediate immunity, but would obviate the danger of 
anaphylactic shock in those cases which would be susceptible to the 
usual intravenous serum administration. However, he failed to com- 
pare the resultant immunity from intratracheal inoculation with that 
produced by equal amounts of serum administered intravenously, or 
intramuscularly. Jones^®’^® demonstrated that the intratracheal route 
does not compare favorably with intraperitoneal inoculations in ability 
to confer a general passive immunity. 

Fox,® in a further investigation of the problem, confirmed and ex- 
tended the observations of Jones that, although intratracheal adminis- 
tration of antiserum produces a definite blood antibody level, it is “ a 

* U e wish to express our sincere thanks to the Cutter Laboratories and particularly 
to Mr. L. B. Blackledge of that organization for the very considerable help accorded 
us in fractionation of the anti-influenzal horse serum. 
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grossly inefficient way to induce a general passive immunity” when 
compared with the intravenous or subcutaneous routes. In the course 
of these experiments it was demonstrated that antibodies appear in 
the blood stream only slowly and in low titer, and, conversely, that 
these antibodies are retained in the lungs as long as 5 daj^s. This 
definite indication of the relative impermeability of the lungs to anti- 
bodj'" protein has been further corroborated by the report of Drinker, 
Warren and hlacLanahan'^ whose work demonstrated that proteins 
such as horse serum and crystallized hemoglobin were absorbed but 
slowlj’' from the lungs and, contrary to expectations, in^^ariably ap- 
peared first in the blood rather than in the lymphatics. 

Fox® has quite clearly stated the case for the respiratory route of 
administration of immune serums. He writes : “ In pulmonary diseases 
amenable to serum therapy certain benefits accruing to local use of 
serum are suggested. In addition to the possible reduction of the peril 
of anaphylaxis as suggested by Besredka, one may enumerate particu- 
larly (1) the much higher local antibody content of the lung obtainable 
after local administration of small amounts of serum than follow injec- 
tion of much larger amounts intravenous]}’’, and (2) the prolonged 
retention of such antibody.” 

To turn to our problem of influenza, we maj' concern ourselves with 
the arguments for and against the use of immune sera administered 
locally for the prevention and treatment of this disease. The most 
obvious advantage of such a method would be the immediate, albeit 
fleeting, production of an immune state, thus supplying a rapid means 
of combating an epidemic in a susceptible group. Were successful 
^’accination against influenza a faii accoinpli, enabling us to minimize 
significantly the susceptibility of our almost universally susceptible 
population, we might regard serum prophylaxis as unwarranted, but 
at the present time the status of influenza A’accines is not too encour- 
aging. The reports of Russian workers' employing horse serum 
both prophylactically and therapeutically indicate the A'alue of the 
treatment while little mention is made of contraindications or untoward 
reactions. 

Theoretically, however, there Avould seem to be some danger involved 
in the repeated inhalation of a heterologous serum. It is highly prob- 
able that sensitization to the foreign proteins of the serum Avould result 
in man, if we can consider the reaction to be comparable to that of the 
guinea pig even in a qualitatRe manner. Sensitization and fatal 
shock by inhalation techniques*-''-" have been repeatedly ob- 
served in this animal. To minimize the risk of allergic response in man, 
the ideal serum for use as an inhalatory immunizing agent Avould be 
human convalescent or hj’perimmune serum. HoiA'^ever, it is difficult 
to obtain large quantities of this material in sufficiently high titers. 
Rabbit serum might be less likely to cause sensitivit.y reactions than 
horse serum, but here again for tlie quantities of serum needed in any 
large scale operations the rabbit is not as satisfactor}' as the horse. 
Never tlieless, this fact may be outweighed by the higher immune titers 
that can be produced in the rabbit. 


LYONS ET AL.: EXPERIMENTAL INFLUENZA 


49 


The use of a salted-out globulin fraction of horse serum, although 
enabling a significant concentration of antibodies to be made, does not 
eliminate the sensitivity problem. Recently developed methods^ of 
purification and despeciation of immune sera by enzyme digestion 
would seem to have application Such methods of 

purification alter the specificity of the serum proteins to such an extent 
that cross-sensitivity reactions to tlie original serum are greatly 
reduced. At the same time the digestion process brings about an actual 
reduction in antigenicity of tlie proteins involved, as demonstrated by 
large quantitative differences in sensitizing and reacting properties. 
The inevitable drop in antibody content of the despeciated serum can 
be tolerated providing subsequent concentration would raise the 
product to an effective potency. 

In view of the facts that the absorption of proteins from the lung 
into the blood is a slow process and the bronchial tree of man is not 
heavily coated with smooth muscle as in the guinea pig, we should not 
expect to see acute shock resulting from inspiration of serum or serum 
fractions into the respiratory tree. There is, however, a definite possi- 
bility of delayed reactions of asthmatic nature appearing within a few 
hours time in hypersensitive individuals. Administration of material 
such as serum proteins by inhalation would be contraindicated in 
acknowledged asthmatics, while the number of reactions in others 
could very likely be greatly reduced by a thorough screening, i. e., 
detection of serum-sensitive individuals by accurate history-taking 
combined with skin and conjunctival tests. Positive reactors conceiv- 
ably may be desensitized by intradermal administration of serum or 
by the inhalation of successively larger amounts. 

The danger of sensitization and subsequent production of reactions 
in a group of individuals subjected to treatment during an epidemic 
is decidedly reduced merely by the necessary timing of the inhalations. 
Since the passive immunity conferred by the serum is effective only 
for a relatively brief period it wmuld probably require one, two, or pos- 
sibly even three treatments per week to maintain an indiiddual in the 
immune state. With such spacing of antigenic stimuli it is improb- 
able that reactions would occur during a few wrecks treatment, since 
each inhalation would serve to induce temporary desensitization and 
insufficient time would elapse between inhalations for the production 
of a true hypersensitive state. If it is practicable to employ a despeci- 
ated, purified product instead of whole serum or its globulin fraction, 
some of these speculative problems may be avoided. This aspect of 
the problem is being investigated at the present time. 

In anticipation of clinical trials of immune serum or a fraction 
thereof to be administered by inhalation, certain laboratory experi- 
ments were undertaken to confirm and extend observations on the 
value of the method in prophylaxis and treatment. 

Preparation of Horse Immune Plasma and Its Globulin Praction. 
Horses were immunized by weekly subcutaneous inoculations of active 
mouse lung viruses. Sample bleedings were made at intervals and 
tested by a red blood cell agglutination-inhibition method-^ until a 
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sufficiently high titer was obtained, the first volume-bleeding being 
made 9 days after the tenth inoculation. The antigen inoculated con- 
sisted of 50 cc. of a mixture of PIl-8, W.S., Philadelphia, and Lee strains 
of virus prepared in sterile broth in a concentration of 10% mouse lung 
by weight. Three bleedings were made from 1 horse, allowing time 
for one virus inoculation between the second and third bleedings, and 
15 liters of plasma recovered. The presence of the fibrinogen in the 
plasma proved to be a troublesome factor, so that subsequently all 
bleedings have been performed to obtain serum. 

The plasma was salted out by the sodium sulfate method and the 
fraction precipitating between 8% and 21% concentration was recov- 
ered and redissolved in a volume of 3 liters, or one-fifth of the original 
plasma volume. (In later fractionations 17.5% sodium sulfate was 
used as the upper limit, for the fraction between 17.5% and 20% ap- 
parently does not contain protective antibodies.) To this concentrate 
was added 0.3% tricresol as a preservative. This globulin fraction 
was light greenish in color and of a viscous consistency^ Micro- 
kjeldahl determinations on the plasma and the globulin gave the fol- 
lowing results for total nitrogen: whole plasma, 8.44 mg. nitrogen 
per cc.j concentrated globulin, 17.20 mg. nitrogen per cc. 

Neutralization tests against 1000 MLD of PR-8 mouse lung virus 
gave the following comparative results, calculated according to the 
method of Reed and Muench 

50% mortality 50% maximum score 
end-point end-point 

Whole plasma 1:865 1:250 

Globulin ........ 1:3450 1:1540 

These results would indicate that most of the antibody content of 
the plasma had been recovered in the 8% to 21% globulin fraction, 
since the titer of the globulin, a five-fold concentrate, is approximately 
4 times that of the original plasma by comparison of 50% mortality 
end-points and 6 times that of the plasma when 50% maximum score 
end-points are compared. 

A neutralization test on the globulin run against 1000 MLD of 
F-99* egg virus gave a 50% maximum score end-point of 1:1380, 
although the viruses used to immunize the horse did not specifically 
include an F-99 strain. The globulin also exhibited strong protective 
powers against a Melbourne strain of virus, indicating the wide lati- 
tude of its antibody activity within the “A” type group of influenza 
viruses. 

Protection of Mice by Intranasal Inoculation of Plasma or Inhalation 
of Globulin. It has been definitely shown that the administration of 
influenza immune serum by the intranasal route is more efficient than 
intra-abdominal or intravenous injection.*®’®^'^® Zellat and Henle®® 
further proved that mice could be protected against many lethal doses 
of virus if they first inhaled a serum spray for 2 hours. 

It was our desire to confirm some of these results with respect to 
intranasal inoculation and inhalation. Accordingly, groups of mice 

* Obtained through the courtesy of Dr. Joseph Stokes, Jr. 
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were sprayed for 30 minutes, 60 minutes, or 120 minutes with a two and 
one-half -fold dilution of our irdmune globulin. The 50% mortality 
titer of this diluted material can be considered as 1 ; 1340. Each mouse 
was kept in an individual compartment within the spray chamber in 
order to prevent bunching of the animals during exposure to the globu- 
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Chart 1. — Protection of mice by inhalation of immune globulin. 

lin fog. Four hours after the spraying the mice were inoculated intra- 
nasally with graded doses of W.S. mouse lung virus. During a 10 day 
period of observation the animals succumbing were autopsied; at the 
end of this time all survi\’^ors were sacrificed and their lung lesions 
scored. Chart 1 is a graphic presentation of the results obtained. 
The vertical columns represent the per cent of possible lesions observed 
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in each group of 6 mice; for example, if the lesion score of a group of 
6 mice adds up to 15, where death within 10 days is counted as 5 and 
the degree of lung consolidation in Survivors is evaluated from 1 to 4, 
then the per cent of possible lesions observed would be 15/30 or 50%. 
It will be seen that the degree of protection increases with the time of 
inhalation of the globulin. 

In order to compare the inhalatory route with intranasal inoculation 
another group of mice was inoculated intranasally at the same time 
with 0.05 cc. of dilutions of the concentrated globulin solution from 1 :5 
to 1:2560 in two-fold steps. By comparing the lesion scores resulting 
from intranasal inoculation of the same graded doses of W.S. virus 
4 hours later it was computed that sprajdng for 30 minutes was com- 
parable to an intranasal inoculation of 0.05 cc. of a 1:232 antiserum 
dilution, 60 minutes was equal to a dilution of 1:74, and 120 minutes 
to a dilution of 1 : 16. 

The inhalation of the globulin did not compare as favorably with the 
intranasal inoculation as had been expected. It was suspected that a 
distillation effect taking place during atomization might account for 
the discrepancy and an experiment was set up to in^'estigate this factor. 
A low titer immune serum was sprayed for 1 hour and the spray col- 
lected in a flask immersed in cellosolve and dry ice. Neutralization 
tests against 1000 MLD of PR~8 mouse lung virus were run on the 
original serum, the serum remaining in the atomizer after the spraying, 
and the serum collected during the spraying. Serum dilutions from 
1:8 to 1:512 prepared in two-fold steps were used. Table 2 is a 
sunimarj^ of the results. 


Table 2. — Summaby of Results 


Original serum 
Atomized serum . 
Residual serum 


50% inaxiimim 
score point 

1:09 
. 1:60 
1- 140 


'J’otal lesions per group 


Ratio Per cent 

97/210 46.2 

109/205 5.3,2 

73/205 35 . 6 


Measured either by the 50% maximum score end-point or by the 
per cent of possible lesions in each group, the residual serum showed 
the highest antibody content and the ’atomized serum the 'lowest. 
Here again is evidence of a significant distillation effect, a factor which 
must be considered in any estimations of inhaled material. The differ- 
ence in lesions observed by Wells and Henle^^ between mice sprayed 
with virus and mice inoculated intranasally with the same calculated 
amount of virus ma}^ very likely be due to the distillation factor. 
The virus which reached their mice was probably less concentrated 
than their original material. 

Another earlier experiment ivas designed to compare the duration 
and degree of protection conferred by a pseudo-globulin fraction of the 
horse plasma with that induced bj'" whole plasma. The pseudo-globu- 
lin fraction was prepared bj-^ precipitation with 50% ammonium sulfate 
and dialysis against distilled water until sulfate-free. . After removal 
of insoluble material b.y centrifugation, the supernatant was diluted 
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to the original volume of the plasma and brought to isotonicity by 
the addition of solid NaCl. Micro-kjeldahl measurements of the total 
nitrogen of these two preparations gave the following results: whole 
plasma, 8.44 mg. N/cc.; pseudo-globulin, 0.0837 mg. N/cc. Two 
groups of mice were inoculated respectively with 0.05 cc. aliquots of 
the plasma or its pseudo-globulin fraction administered by the intra- 
nasal route. At intervals of 24 hours, 72 hours, 6 days and 11 days 
following this treatment batches of mice from each group were tested 
for immunity by intranasal inoculation of graded doses of W.S. mouse 
lung virus. 

The results are graphically presented in Chart 2, from which it is 
seen that the whole plasma was markedly superior to the pseudo- 
globulin fraction in protective power. By the 6th day following the 
inoculation of the plasma the passive immunity had all but disap- 
peared, showing significant protection against only 1 MLD. These 
results are similar to those obtained by Henle, Stokes and Shaw^® 
using immune mouse serum intranasally. They were able to demon- 
strate a slight immunity against 10 MLD as long as 10 days after 
the intranasal administration of the homologous immune serum. 

Treatment of Infected Mice With Plasma or Globulin. Although 
the value of immune serum administered by way of the respiratory 
tract for the treatment of experimental influenza has been demon- 
strated by other workers, the question of whether repeated treatments 
are indicated has not been thoroughly investigated in the laboratory. 
Hare^- conducted experiments in which two separate intraperitoneal 
injections of immune ferret serum were given 24 hours apart to previ- 
ously infected mice, but direct comparisons with other numbers of 
treatments were not made. 

In order to determine more accurately the value of repeated instilla- 
tions of immune horse serum the following experiment was conducted. 

Mice were inoculated intranasally with 10, 100, or 1000 AILD of 
PR-8 mouse lung virus. At three different time intervals after infec- 
tion, 6 hours, 30 hours and 72 hours, serum treatment was begun. 
Each treatment consisted of an intranasal inoculation of 0.05 cc. of the 
immune serum. The groups of mice were further divided into those 
receiving 1, 2, 3, or 4 serum treatments, 24 hours elapsing between 
successive serum instillations. Control mice were inoculated with 
normal horse serum, 4 instillations for each control group. 

The results of this experiment are shown in Chart 3. Each I'ertical 
bar represents 10 mice, except in a few instances where non-specific 
deaths reduced this number to 8 or 9. The importance of repeated 
adniinistrations of serum in the treatment of influenzal infection is 
significantly shown by this experiment. It is especially evident in the 
groups “30 hours, lOMLD's,” “6 hours, 100 MLD’s,” and “6 hours, 
1000 MLD s. In the first instance there was a reduction of lesions 
from 74% (1 treatment) to 30% (4 treatments) ; in the second example, 
a reduction from 22% to 4%, and in the third, from 49% to 8% of 
possible lesions. In the groups of mice where the serum treatment 
was not initiated until 72 hours after the virus inoculation, the infec- 
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Ghaut 2. Protection of mice by intranasal inoculation of immune plasma or pseudoglobulin. 
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Chakt 3. — Treatment of mice by intranasal inoculation of immune serum. 
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tion had progressed so far by the third or fourth serum instillation that 
the etherization and intranasal inoculation were not well tolerated. 
This is evidenced, for example, in the group receiving 10 hlLD fol- 
lowed by 4 serum treatments starting at 72 hours. All the mice in 
this group died, due in great part to the repeated inoculations and 
administrations of anesthetic. The value of the successive serum treat- 
ments is clear, however, from the groups of mice in which treatment 
was begun earlier. 

WO-r— . 
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Chart 4. — Treatment of mice b^'’ inhalation of immune globulin. 


Inhalation of immune globulin was also demonstrated to result in 
reduction of the lesion score in a group of mice which had been pre- 
viously infected. Successive treatments were again shown to be more 
effective than a single spraying. Mice were inoculated with 10 or 
100 hlLD of PIl-8 mouse lung Aurus 6 hours before spraying for 
1 hour with a two and one-half-fold dilution of immune horse globulin. 
The mice were diAuded into groups receiAung 1, 2 or 4 treatments, the 
multiple sprayings being spaced 24 hours apart. Ten days after the 
infecting dose all surAUAmrs were autopsied and lesions scored in the 
usual manner. Results are plotted in Chart 4 in terms of per cent of 
possible lesions. The decrease in lesion score with increase in the 
number of treatments, although not impressiA’e, is consistent. Included 
for comparison are the results from a group of mice sprayed for 1 hour 
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with the same globulin solution and infected intranasally 24 hours 

later. _ j » ,.• 

Attempt at Immunization With a Neutral Mixture of Serum and Active 

Virus. The consistent results obtained with serum in the prevention 
of experimental influenza by other workers as well as by ourselves led 
us to the possibility of using a serum-active virus combination in the 
hope that an active immunity would follow the short-lived passive 

immunity. _ , , c ■ 

Preliminary experiments were performed in which mixtures of im- 
mune horse serum and allantoic fluid virus, non-infectious to mice 
upon intranasal inoculation, were instilled intranasally every 60 hours 
until 4 inoculations were made. Passive immunity was demonstrated 
24 hours later and 2 weeks thereafter there seemed to be evidence of 
an active immunity having developed. In an attempt to confirm the 
results suggested in the preliminary work, the following experiment 
was performed. 

Neutral mixtures of immune serum and PR-8 allantoic fluid virus, 
immune serum and Lee virus, and immune serum plus PR-8 and Lee 
viruses were incubated for 15 minutes at 37° C. The non-inf ectious- 
ness of these mixtures was confirmed by mouse inoculation. A sus- 
pension of the serum plus normal allantoic fluid treated in the same 
manner was included as a control. Mice were inoculated with 0.05 cc. 
intranasally with one of the above mixtures every 48 hours until 
4 inoculations were completed. Fourteen days later each group was 
tested for active immunity against both PR-8 and Lee mouse lung 
viruses by intranasal inoculation of from 10 to 10,000 MLD. Results 
were entirely negative and there was no evidence of an active immunity 
having developed. 

The inability to produce an active immunity by combining serum 
with the virus is doubtless based upon the same mechanism noted in 
similar trials of combined vaccines against diphtheria and tetanus.’®'-^ 
Although results are dependent to some extent on quantitative relation- 
ships and die time relationships between inoculations, the presence of 
a passive immunity, in general, tends to inhibit the normal develop- 
ment of an active immunity. 

A later experiment designed to produce immunity in mice by intra- 
nasal inoculation of a formolized A'-accine gave further confirmation of 
these results. Mice were divided into 2 test groups, the first group 
receiving 0.05 cc. of formolized PR— 8 allantoic fluid rdrus intranasalh'^ 
every other day until 5 inoculations were completed, the second group 
receiving the same course of formolized virus inoculations and also 
icing inoculated with 0.05 cc. of immune horse serum intranasally on 
the alternate days. This second group of mice thus received 5 formol- 
ized virus inoculations and 4 serum inoculations. Ten days after the 
last inoculation both treated groups, as well as control mice of the 
tested for active immunity by intranasal inoculation 
ot i R-S mouse lung virus. The results are presented in Chart 5 and 
^ emonstrate the definite establishment of immunity in mice inoculated 
intranasally witli inactive virus, but a lack of immunity in the mice 
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which alternately received serum and ■\’^accine. Although it has been 
demonstrated by Eaton and Beck® that with active mouse-adapted 
strains of virus inoculated intranasally it is necessary to produce rather 
severe lung lesions in order to induce an immune state, an inactive virus 


100 - 
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Chart 5. — Immunization of mice by intranasal inoculation of formolized virus alone 
or in combination with immune serum. 

is capable of immunizing mice intranasally with no injurious effects. 
The inhalation of inactive virus by mice would very likely result in 
even better immunization because of the more uniform distribution of 
the antigenic material. This aspect of the problem is now under 
investigation. 
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The reports of Walsh and Cannon®-®^ are of interest in this regard, 
for they indicate that the ratio of tissue antibodies to serum antibodies 
is consistently higher following intranasal vaccination than that result- 
ing from a general immunization. Their antigens were bacterial in 
nature, but it might be anticipated that the same principle would 
apply in the case of influenza virus. Their belief is that local formation 
of antibodies is responsible for the higher concentrations found in 
organs of the regionally immunized animals and that regional vaccina- 
tion would seem therefore the preferable method for elevating the 
level of resistance of tissues at a portal of entry to the body. There- 
fore, the direct administration of an influenza vaccine to the respiratory 
tract should be carefully considered as a possible method of choice. 
The question of the possible use of attenuated virus to produce a sub- 
clinical infection as a method of immunization has been discussed 
recently by Francis^” and Burnet and Clark.® 

Summary. 1. High titer horse immune serum or its globulin frac- 
tion, administered either by intranasal inoculation or by inhalation, 
protected mice against subsequent intranasal infection with influenza 
virus. The degree of protection conferred increased with the time of 
exposure to the globulin spray. 

2. Atomization of solutions through nebulizers of the type employed 
results in a distillation effect, which must be taken into consideration 
in quantitative estimates of inhaled materials. 

3. Whole immune plasma was superior to any individual globulin 
fraction in the degree and duration of its protective power for mice. 

4. Treatment of mice with horse immune serum intranasally, or 
globulin by inhalation, is effective in reducing the lung lesions. The 
necessity for early treatment is confirmed. The value of repeated 
treatments in lessening the severity of the experimental disease is 
definitely established, the lung lesions decreasing as the number of 
treatments is increased. 

5. Neutral mixtures of immune serum and active virus were ineffec- 
tive in producing an active immunity in mice. 

6. Mice subjected to repeated intranasal inoculations of a formolized 
virus showed a considerable degree of immunity when tested 10 days 
following the last inoculation. Immunity failed to develop in mice 
receiving concurrent intranasal serum treatments along with the for- 
molized virus. 

7. The prospective application of passive immunization of humans 
for the prophylaxis and treatment of humans is discussed. 

ADDE^^)usr.— Considerable newspaper and magazine publicity containing inaccurate 
md unwarranted claims relative to our findings has preceded publication of this article, 
the authors were m no way responsible for this and take this means of expressing their 
disapproval of the resultant publicity. 


J. Immunol., 11, 175, 
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YEAST-LIKE FUNGI IN THE INTESTINAL TRACT OF 
CHRONICALLY INSTITUTIONALIZED PATIENTS 

By Oscar Felsenfeld, M.D., M.Sc. 

supervising bacteriologist, department of public welfare of ILLINOIS 

CHICAGO, ILLINOIS 

(From the Research and Bacteriological Laboratory of the Chicago State Hospital) 

The paramount problem confronting the bacteriologist in institu- 
tions with notablj'' large bed capacity, such as state hospitals or 
penitentiaries, is the control of enteric infections. 

It is a matter of regret that both for the therapy and prevention of 
such enteric disturbances, the finding of bacteria or parasites com- 
monly considered as pathogenic does not provide at all tirnes a secure 
guide. The negative findings of the usual clinical and microbiologic 
examinations in many cases of diarrhea prompted us to check not onb 
the “pathogenicity” of intestinal microorganisms, but also to extend 
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our efforts to the search for possible new agents. Investigating the 
question of mycotic infections, it was found that little work had been 
conducted in the field of enteric mycology within the past few years. 
We therefore considered it our fiirst task to investigate the “normal” 
flora of the intestinal tract in a large number of institutional patients. 

Our main interest was concentrated on the Monilia-Cryptococcus- 
Geotrichum group. The Penicillum and Aspergillus species were 
neglected because contamination of the specimens could not be fully 
precluded. The simple and efficient method of Schnoor® as well as 
the nomenclature adopted by him were used. Thus we followed the 
classification of Monilise according to Martin et aU Several attempts 
were made to differentiate Cryptococcus strains according to Benham 
and Hopkins^ into 4 groups. The morphology of the colony, however, 
did not seem to be a sufficient guide. We found that due to the lack 
of serologic means a classification of these organisms was not possible. 
Torula, Saccharomyces and similar organisms were only occasionally 
encountered, and are not reported in this paper. Only 11 such strains 
scattered throughout the examined groups were cultivated. 

Three groups of hospital patients were selected for the investigation, 
none of whom were afflicted with a skin disease. The stool specimens 
were collected from patients of the Manteno and Chicago State 
Hospitals. 

1. The first group of cases included the stool specimens from 300 
newly admitted patients and 600 cases from chronic wards, all of them 
without intestinal disturbances. This material was chosen in order 
to determine whether the intestinal flora changed during the hospi- 
talization. 

2. The second group consisted of specimens from 100 chronic typhoid 
carriers. 

3. The third group was composed of diarrhea cases, (a) Stool 
specimens from 47 patients with Shigella sonnei and Shigella para- 
dysenterise infections in the early acute stage. (6) Stool specimens from 
51 proctoscopically confirmed* cases of bacillary dysentery 1 week 
after the termination of the sulfathiazole treatment, (c) Finally, the 
stool specimens from 103 cases of “food upset” occurring in 3 groups. 
This latter series consisted of patients who had shown a short period 
of diarrhea (from 4 to 8 hours) with only a few bowel movements, 
revealing light-colored stool without blood, mucous or other patho- 
logic constituents. Bacteriologic, parasitologic and proctoscopic ex- 
amination failed to disclose the cause of the upsets. 

The results of the examination may be found in Table 1. 

In comparison with the findings of Schwartz and Jankelsoffi and 
Schnoor® a higher percentage of Monilia and a lower percentage of 
Geotrichum were found in patients newly admitted to the hospitals. 
There were only a few patients who harbored 2 species of the group. 
In cases hospitalized for a longer period of time the incidence of 
JMonilia, Cryptococcus and Geotrichum increased in the following man- 

* The proctoscopic examinations were performed by Dr. L. H. Block, Consultant 
Proctologist of the Illinois Department of Public Welfare, Hospital Service. 
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ner: The number of cases excreting these organisms did not increase 
essentially, but many cases already harboring 1 member of the group 
became infected with a second or eventually also with a third species. 
In the absence of proper serologic tests, it is difficult to decide what 
immunologic process determines one person to be a ready host and a 
second person a less favorable host to these organisms. 

Table 1. — Analysis of Fungi Found in Different Types of Patients 


Types of cases examined 


Fungi found 

Ne\y 

admissions 

Ward 

cases 

Typhoid 

carriers 

Food 

upset 

Bacillary 

dysentery 

Treated 

dj'sentery 


No. 

% 

No. 

% 

No. 

% 


% 

No. 


No. 

% 

No. of cases: 

300 


600 


100 


103 

i 

47 

|B 

51 


Monilia 








i 



i 


albicans 

58 

19.3 

226 

37.7 

34 

34 



21 

44.0 

0 

12 

parapaileais \ 

13 

4.3 

26 

4.3 

3 

3 

1 


2 

4.2 

1 

2 

krusei 

7 

2.3 

16 

2.7 

4 

4 

1 

1.9 

1 

2.1 

0 

0 

others 

1 

0.3 

3 

0.5 

2 1 

2 

2 

1.9 

2 

4.2 

0 

0 

Monilia 

79 

26.3 

271 

45.1 

43 

43 

47 

45.0 

26 

55.3 

7 

14 

Cryptoeoocus 

72 


235 

39.2 

35 

35 

36 

34.9 

15 

34.9 

0 

12 

Geotrichum 

69 


177 

29.1 

26 

20 

58 

50.3 

25 

53.1 

3 

0 

Distribution 













Negative 


26.0 

140 

24.0 

26 

26 

15 

14.0 

8 

17.0 

37 

74 

1 species present 

206 

68.6 

272 

45.3 

48 

48 

38 

30.8 

17 

30.1 

10 

20 

2 species present 

14 

4.7 

155 

25.8 

22 

22 

47' 

45.0 

17 

36.1 

3 

0 

S species present 

0 


27 

4.5 

4 

4 

3 

3.9 

5 

■ 

0 

0 


T^'phoid carriers did not present a noticeable difference from the 
“chronic ward” patients. 

In the “food upset” cases the incidence of Geotrichum increased 
doubly. The increased number of patients infected with Geotrichum 
reduced the number of cases without infection. Nearly 50% of the 
patients harbored 2 organisms. There was no change in the incidence 
of Monilia and Cr;)'ptococcus. 

Although the low number of cases with bacillary dysentery does not 
permit definite conclusions, it must be conceded that the statistics 
differ from “food upsets” by the increase of Monilia findings and by 
the rise of the number of patients harboring 3 organisms. 

In cases of dysentery treated with sulfathiazole, the absolute and 
relative incidence of Monilia, Crj^tococcus and Geotrichum decreased 
substantially. Statistically, Geotrichum disappeared in seven-eighths 
of the cases. Monilia in approximately two-thirds, and Cryptococcus 
in about five-eighths — an observation which may possibly prove of 
some value in the treatment of mycotic diseases. 

Summary. Monilia, Cryptococcus and Geotrichum were studied in 
stool specimens of 300 new admissions, 600 chronic ward patients, 100 
tjT^hoid carriers, 103 cases of “food upset,” 47 acute bacillary dysen- 
teries before treatment, and in 51 cases of bacillary dysentery after 
10 days of sulfathiazole treatment. During the hospitalization the 
number of patients harboring the aforementioned organisms did not 
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increase but many cases previously infested only with 1 organism devel- 
oped into carriers of 2 organisms. Typhoid carriers did not show a 
differing picture. In “food upset” the number of cases with Geo- 
trichum increased remarkably. In bacillary dysenterj^ the number of 
patients with Monilia also rose. Sulfa treatment reduced the number 
of mycotic carriers, and especially those with Geotrichum, by a pro- 
nounced margin. 
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THE NATURALLY OCCURRING BLOOD SULFOCYANATES AND 
THEIR RELATION TO BLOOD PRESSURE 

By Abraham Trasoff, M.D., F.A.C.P. 

CHIEF OF MEDICAL. SERVICE NO. 2 
AND 

Norman G. Schneeberg, M.D, 

RESIDENT IN MEDICINE 
PHILADELPHIA, PA. 

(From the Medical Wards and Laboratories of the Mount Sinai Hospital) 

In 1925 Nichols^ discussed the pharmacologic properties of the 
sulfocyanates. He regarded the salivary glands as their chief site of 
formation, from which they were secreted into the saliva, swallowed 
and absorbed into the “system” appearing in tears and gastric juice. 
The salivary content of sulfocyanates averaged 0.01 %. He assumed 
that if 1 liter of saliva was formed in 24 hours the amount of sulfo- 
cyanates are found in blood and body fluids in fairly equal concentra- 
tion I'arying from 0.03 to 0.06 mg. per 100 cc. and excreted in the urine 
and feces in the ratio of 1;2. Cerebrospinal fluid concentrations are 
either the same or lower than in the blood. Caviness and his asso- 
ciates--® have recently reinvestigated the naturally occurring sulfo- 
cyanates in blood using a technique modified from Ravin^ which 
revealed concentrations definitely higher (0.31 to 2.55 mg. KCNS per 
100 cc. blood) than had been previously reported. Repetition of deter- 
minations in the same subject exhibited a marked constancy of sulfo- 
cyanate concentrations. In 241 individuals studied, the blood sulfo- 
eyanate concentration varied inversely with tlie height of the blood 
pressure. They therefore ventured in lij’pothesis that naturallj^ occur- 
ring blood sulfocyanates function as depressor substances which serve 
to counterbalance the action of various naturally occurring pressor 
substances, thus representing one of the many factors concerned in the 
maintenance of normal blood pressure. The importance of these 
observations, which would necessarily modify our concept of the 
pathogenesis of hypertension, stimulated us to undertake the work to 
be reported. 
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Methods. We studied 95 hospital in-patients and, as subjects of the 
tobacco experiment several volunteer residents, internes, and nurses. 

Blood pressure recordings (a mercury column or anaoroid sphygmomanom- 
eter was used in measuring the height of the blood pressure) represent the 
average of 3 or more readings on different days with the subject at complete 
bed rest for 10 minutes or longer. Subjects with very obese or very thin 
arms, those whose blood pressures varied appreciably on successive readings, 
and patients in cardiac decompensation, in shock, or the victims of mjmcardial 
infarction, or patients suffering with febrile diseases were excluded from the 
study because of obmous sources of error. The diastolic levels recorded are 
those of Phase IV.^ 

Caviness’ criteria for grouping subjects according to blood pressure levels 
were followed ivith a single modification: 

Below 106 systolic: hjiDotension; 

106 to 130 systolic: normotension; 

131 to 140 s5'^stolic: borderline; 

141 to 200 systolic: hypertension; 

200 and above systolic: severe hypertension. 

Caviness^’^ stressed the necessity of control of physical activity, rest and diet 
in order to obtain accurate and comparable results in different patients. He 
collected blood samples before breakfast and before any tobacco was used that 
day. We adhered to these criteria, but, in addition, found that it was not 
sufficient to interdict the use of tobacco to the periou immediatelj'^ preceding 
the drawing of blood because habitual tobacco smokers show definitelj’^ higher 
blood sulfocyanate levels than non-smokers. Therefore our blood samples 
were all collected at least 48 hours or more after the use of tobacco. 

Technique. To approximatelj'’ 10 cc. of blood serum an equal amount of 
10% trichloracetic acid was added, thoroughly admixed, and allowed to stand 
for 20 minutes. To 5 cc. of the protein-free filtrate obtained by filtering this 
mixture, 1 cc. of 5% ferric nitrate solution was added and the sulfocyanate 
concentration in milligrams per 100 cc. of blood was read directly in an Evelyn 
photoelectric colorimeter using a filter wave length 440 u.^’® We also checked 
the accuracy of our results by recovery tests upon several occasions during 
the period of this work. 


Results. In 34 subjects with normal blood pressure (average pres- 
sure 116/71) the average blood sulfocyanate concentration was 1.31 mg. 
ICONS per 100 cc. of blood with a range of 0.84 to 2.4 mg. In 20 hypo- 
tensive subjects (average B.P. 93/58) the average blood sulfocyanate 
concentration was 1.18 mg. (range 0.90 to 1.54). In the hypertensive 
group (average B.P. 178/98) 28 subjects showed an average concentra- 
tion of 1.19 mg. (range 0.74 to 2.48). Ten patients were included in 
the severely hypertensive group (average B.P. 227/120) ; they exhibited 
an average sulfocyanate concentration of 1.12 mg. (range 0.76 to 1.50) ; 
only 3 patients were investigated in the borderline blood pressure 
group (average B.P. 137/88) and presented concentrations of 1.21, 
1.65 and 0.96 mg. (average of 1.24). A graphic comparison of these 
findings wdth those of Caviness et al. is demonstrated in Figure 1 . 

The effect of tobacco smoking on the blood sulfocjmnate concentra- 
tion was determined. Eight normotensive non-smokers served as a 
control group with an average sulfocjmnate level of 1.03 mg. (range 
0.84 to 1.21). The blood sulfocyanate level in 8 habitual tobacco 
smokers with normal blood pressures was 1.91 (range 1.24 to 2.48 ™8-)- 
One of these subjects smoked an average of 4 cigarettes per day and 
her sulfocyanate concentration was 1.24, the lowest recorded for th? 
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tobacco habitues. Another subject smoked 8 cigarettes daily and 
showed a concentration of 1.45 mg. The remaining 6 subjects smoked 
20 or more cigarettes per day. Blood samples on the 8 tobacco sinok- 
ers were obtained after a 24 hour period of abstinence from smoking. 



Fig. 1. — Blood pressure levels and blood sulfocyanate concentrations. Dotted lines 
represent the results of Caviness ct al.; solid lines represent our results. 


Excessive smoking for a 24 hour period produced no significant 
change in the sulfocyanate concentrations of these 3 subjects. 


Table 1.— Lack of Effect op Heavy Smoking 

.\fter 24 hr. period 
.\(tcr 24 hr. period of heavy smoking 
of tobacco abstinence (30-40 cigs.) 

Subject A 1.75 1.80 

Subject B 2,55 2 25 

Subject C 1.90 1.91 

The effect of a high-protein intake after a var^ong period on a low- 
protein diet was investigated in 2 cardiac patients. After an initial 
blood sulfocyanate concentration was obtained, these 2 patients were 
given a 100 gm. protein diet and 200 cc. of 15% amino acids intraven- 
ously daily. The results are tabulated below: 


Table 2. — Effect of Changes in 

Initial 

KCNS 

Subject D . , . 1.21 
Subject E . . . 1.44 


Amount of Pbotbin in Diet 
48 hrs. on 
high-protein 

intake 7 days 

1.07 0.98 

1.29 1.24 


Repetition of the sulfocyanate determination was done in 16 patients 
on different days. The greatest difference in any two determinations 
on the same patient was 0.37 mg.; the smallest difference was 0.01 
(average difference for the group 0.16). _ In 5 subjects, 3 or more 
repetitions were performed which revealed a similar constancy of 
sulfocyanate concentrations in successive determinations. 

Discussion. The blood concentration of the sulfocyanates obtained 
by us in normotensive subjects are almost identical with the values 
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reported by Caviness and his associates. They found an average con- 
centration of 1.21 mg. KCNS per 100 cc. of blood (range 0.31 to 2.55); 
our average value was 1.31 mg. (range 0.84 to 2.40 mg.). We also 
noted a marked constancy of values in successive determinations in 
the same subject. We found no constant relationship, however, 
between the height of the blood pressure and the concentration of 
blood sulfocyanates, whereas Caviness demonstrated a definite inverse 
ratio existing between the two. In Figure 1 the discrepancy of results 
in the two series of experiments is graphically illustrated. The almost 
vertical lines that we obtained demonstrate the complete lack of cor- 
relation of blood sulfocyanate concentration and the height of the 
blood pressure in our hands. 

We attempted to control our experiments identically with the con- 
ditions that obtained in their work as regards environmental and diet- 
ary factors and technique of chemical manipulations. Though most of 
our subjects were patients hospitalized for various reasons and theirs 
were apparently normal institutional inmates and prisoners, we cannot 
believe this to be the determining factor to e.xplain our failure to con- 
firm their reported results. We have demonstrated the uniformly 
elevated sulfocyanate blood levels in habitual tobacco smokers as com- 
pared to a control group of non-tobacco users. Caviness and his co- 
workers stated that their only precaution as regards tobacco smoking 
was to draw blood samples in the morning “before tobacco was used.” 
Since we found that blood sulfocyanate levels remain elevated in 
tobacco smokers after a 24 hour period of abstinence this precaution 
is not sufficient to eliminate the effect of tobacco in habitual smokers. 
This may, in part, explain the elevated sulfocyanate blood concentra- 
tions in some of their subjects. 

In the light of our findings we cannot regard the blood sulfocyana,tes 
as naturally occurring depressor substances nor can we regard sulfo- 
cyanate therapy in hypertension as a form of substitution therapy 
for a substance that, because of a deficiency in the blood, has allowed 
■\'arious pressor substances to act uninhibited resulting in hypertension. 

Summary. 1. Sulfocyanates occurred normally in human blood in 
concentrations averaging 1.31 mg. per 100 cc. 

2. Habitual tobacco smokers showed blood sulfocyanate concentra- 
tions well above the normal average. 

3. No constant relationship of blood pressure to blood sulfocyanate 
concentration was found. 

4. The naturally occurring blood sulfocyanates probably do not 
represent an important factor in the maintenance of normal blood pres- 
sure. 

We wish to thank Dr. David R. Meranzo, Director of tlie Laboratories, for tlie use of 
the Laboratory Facilities, and Joseph Schaffer, B.A. (Chem.) and Herbert Marks, B.A. 
(Chem.) for performing the sulfocyanate determinations. 
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TREATMENT OF 134 CASES OF MENINGOCOCCIC INFECTION 
WITH MASSIVE DOSES OF SULFADIAZINE 

By Major Bruno A. Marangoni, M.C., A.U.S. 

AND 

Major Vincent C. D’Agati, M.C., A.U.S. 

FORT Me CLEDIiAN, ADA . 

(From the Contagious Disease Section, Medical Service, Station Hospital) 

The treatment of meningococcic infections has undergone consider- 
able and important changes since the introduction of the sulfonamide 
drugs. Palliative treatment was the keynote of therapy after the isola- 
tion of the meningococcus by Weichselbaum in 1887 until Flexner 
introduced serum therapy in 1908. The use of antimeningococcus 
serum intravenously, intramuscularly, and often intrathecally, in con- 
junction with supportive and sjunptomatic measures, held unchal- 
lenged sway until 1936, when the sulfa drugs— sulfanilamide followed 
by sulfapyridine, and sulfadiazine— were demonstrated to be efficacious 
additions to the therapeutic armamentarium of meningococcic infec- 
tions. Nevertheless, there is no uniformity of opinion as to the relative 
merits of serum and the sulfonamides; some investigators recommend- 
ing the use of sulfonamides alone, others, a combination of chemo- and 
serotherapy. 

During the pre-serum stage in the treatment of cerebrospinal fever, 
the mortality rate varied from 20 to 90%. Following the use of serum, 
mortality figures declined, ranging between 20 to 40% in most series 
reported.® During the first World War 5839 cases of meningococcic 
meningitis were reported by the Office of The Surgeon General with 
2279 fatalities, a mortality incidence of 39%.“ The discovery of 
sulfanilamide in 1936, sulfapyridine in 1938 and sulfadiazine in 1940 
ushered in the third or chemotherapeutic phase in the treatment of 
meningococcic diseases. Dingle and Finland® presented an extensive 
reidew of the literature of meningococcic meningitis with comparative 
mortality rates for different combinations of therapjL In over 1000 
cases treated with sulfanilamide alone, the mortality rate was 14%; in 
300 patients treated with combinations of sulfanilamide and antiserum, 
25%; in approximately 700 patients treated with sulfapyridine alone, 
8%; and for 200 patients treated with sulfapyridine and serum, 12%. 
The number of patients treated with sulfadiazine was insufficient to 
permit appraisal and comparison with other sulfonamide drugs. The 
reason for the higher mortality rates when sero- and chemotherapy 
were used in combination seemed difficult to explain and evaluate. 
One plausible explanation is that this group of patients was more 
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seriously ill or had failed to respond to the sulfonamide drugs alone. 
On the other hand, mortality figures in meningogoccic infections have 
been consistent!}^ lower when treated by a combination of antiserum 
and one of the sulfa group than hy the use of antiserum alone. Camp- 
bell^ reported a series of 10 cases treated with serum and sulfanilamide 
with no deaths. This series is too small in itself to be of any statistical 
significance. Banks’* series of 65 cases were treated with sulfanilamide, 
terminating in 8 deaths, (12.3% mortality). In a recent editorial on 
the therapy of cerebrospinal fever in England,"* the following statistics 
in all age groups were reported: treatment with serum alone gave a 
fatality of 36.6%; with sulfonamide compounds plus serum, 13.8%; 
with sulfonamide compounds alone, 9.2%. 

The present report is an analysis of 134 consecutive cases of meningo- 
coccic infections admitted to the Station Ilospital, Fort McClellan, 
Alabama, since J\larch 13, 1942. This series occurred in two separate 
epidemic waves. The first epidemic of 15 cases occurred between 
March 13 and May 6, 1942. The second epidemic which began on 
December 7, 1942, consisted of 119 cases, and includes all cases up to 
April 16, 1943. 

The criteria for establishing a diagnosis of meningococcic meningitis 
were: (1) Clinical signs of involvement of the central nervous system, 
such as nuchal rigidity, abnormal neurologic reflexes, c. g., Kernig and 
Brudzinski signs and state of orientation and consciousness. (2) 
Confirmatory laboratory eAudence of meningitic .spinal fluid changes, 
with bacteriologic smears and cultures. 

Despite the fact that several patients in the first epidemic were 
critically ill, and admitted to the hospital in coma, no fatalities occurred. 
The second epidemic presented a definitely more virulent type of 
infection. These cases were characterized by a stormier clinical course, 
with rapid progression until adequately treated. 

All cases were males in previous good health, varying in age from 
18 to 44. Ten patients in our series Avere colored, and 124 white, of 
which 44% AA'^ere between the ages of 21 and 30. (Fig. 1.) 


Fig. 1. 

— Cl.INICAl, AND 

Labohatohy Features 


I. Race: 


V. Blood cultures: 


White . . . 

. . . 124 

Positive 

42 

Colored 

. . . 10 

Negative 

89 

II. Age distribution: 


Not taken .... 

*3 

18-20 yr.s. 

. . . 58 

VI. Lumbar puncture: 


21-30 yrs. 

. . . 59 

Clear fluid .... 

55 

31-40 yrs. 

. . . 15 

Cloudy fluid .... 

79 

41-50 yrs. 

. . . 2 

. VII. .Sulfa drug used: 


III. Skin rash: 


A. Sulfadiazine 

109 

Petechiae . 

. . . 96 

B. Sulfanilamide . 

3 

Purpura 

. . . 9 

C. Sulfadiazine and Sul- 


No eruption . 

. . . 29 

fanilamide . 

17 

IV. Orientation: 


Z). Untreated .... 

*5 

Conscious . 

... . 82 

VIII. Results: 


Stuporous 

. . . 31 

Recovered 

125 

Comatose . 

. . . 21 

Died 

9 


Total per cent mortality 6.7% 

Mortality of treated cases 3.1% 


* Fulminating cases which .expired within 12 hours after admission. (See text.) 
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These cases were fairly well distributed among the various units 
except for a large body of seasoned negro troops in which only one case 
appeared. This apparent paradox can best be explained on the grounds 
that the former were green, raw recruits while the latter were trained, 
seasoned, conditioned troops in which the incidence of upper respiratory 
infections was at a minimum. The percentage of negroes among the 
unseasoned troops was relatively low. 

The sulfa drug employed in this series was sulfadiazine, but sulfanil- 
amide was used in some cases (v.i.). Neither sulfapyridine nor sulfa- 
thiazole was employed in this series because of their more frequent 
toxic manifestations and the poor excretion of sulfathiazole into the 
spinal fluid. 

The dosage of sulfadiazine in this series was much larger than that 
ordinarily recommended. Our basic plan of dosage was as follows: 
initial dose, 8 gm., second dose (2 hours later), 5 gm.; third and fourth 
doses (at 4 hour intervals) 4 gm.; subsequent doses, 3 gm. every 4 
hours. This regime was practically constant in the first 24 hours. The 
blood sulfadiazine level was determined 18 to 24 hours after therapy 
had been initiated and daily thereafter, the subsequent dosages of 
sulfadiazine being regulated accordingly. We regarded the optimal 
blood sulfadiazine.concentration to be between 15 to 20 mg. per 100 cc. 
If the blood sulfadiazine failed to attain satisfactory levels after the 
1st day of chemotherapy, the dosage was “stepped up” to 4 gm. for 
one or two doses and then decreased to what we considered a main- 
tenance dose— 2 gm. every 4 hours and, in some instances, 2 gm. 
alternating with 1 gm. every 4 hours. Daily blood sulfadiazine levels, 
clinical appearance of the patient and absence of toxic manifestations 
were our dosage criteria. 

In severe or fulminating meningococcic infections the intravenous 
administration of a 5% solution of sodium sulfadiazine was the initial 
procedure, since in these cases, it was imperative to obtain the optimal 
blood sulfadiazine level rapidly. The same route was used in instances 
of persistent vomiting. The medication was prepared by dissolving 
5.5 gm. of sodium sulfadiazine in 111 cc. of sterile distilled water. 
Glucose in saline was usually given intravenously just prior to, or 
following, this medication. Immediately following the administration 
of the sodium salt intravenously, the basic plan of dosage described 
above was instituted. In stuporous or unconscious patients the oral 
drug was administered by Levin tube. 

Sulfanilamide was administered in smaller doses than sulfadiazine as 
the optimum blood concentration of the former was regarded to be 
12 to 15 mg. The initial dose of sulfanilamide was 4 gm. repeated in 
2 hours and followed by 1 gm. every 4 hours for the first 24 hours of 
therapy. Dosage was then augmented or diminished, depending upon 
the blood sulfanilamide level. One gram of sodium bicarbonate was 
given routinely with each dose of sulfanilamide because 'of the fre- 
quency of acidosis with this drug. The substitution of sulfanilamide 
was reserved for those cases with renal complications due to sulfadi- 
azine in which the sulfadiazine therapy up to that time had been 
inadequate. 
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It was difficult to determine when sufficient sulfadiazine therapy 
had been administered. There was no set rule or standard on whieh 
discontinuance of the drug could be based. Maintenance of therapy 
was largely guided by several factors— primarily the clinical course of 
the patient as well as the blood count, and by the presence or absence 
of toxic drug reactions. Temperature in our experience was notori- 
ously inaccurate and unreliable as a guide. 

In our series chemotherapy was discontinued only in the presence of 
the following toxie manifestations: hemolytic anemia, oliguria, anuria, 
and hematuria. The remaining complications— drug fever, cyanosis 
and renal colic— were not believed to be adequate contraindications for 
further use of the drug. The occurrence of renal colic, however, made 
us cautious in the further use of sulfadiazine but in itself was not felt 
to be sufficient reason for discontinuing therapy. The urinary output 
and fluid intake were closelj^ watched in all cases, to insure satisfactory 
renal excretion. Dailj' specimens of urine were examined to detect any 
signs of kidnej'' damage. 

Discussion. The purpose of this presentation is to demonstrate the 
effect of massive doses of sulfadiazine on the course and outcome of a 
series of 134 consecutive cases of meningococcic infection. The clinical 
and laboratory features of the total series are summarized in Figure 1. 
There were 97 cases of meningitis and 18 of meningococcemia confirmed 
by laboratory and bacteriologic evidence. In the remaining 1 9 cases 
of meningococcemia no organisms could be found on smear or culture, 
but sufficient clinical and laboratory data existed to substantiate the 
diagnosis. 

We have utilized doses of sulfadiazine much greater than ordinarilj' 
employed. Initial oral doses of 8 gm. were employed as contrasted 
with ordinariljr recommended doses of 4 to 5 gm. Subsequent doses 
for the first 24 hours ranged between 3 to 4 gm. every 4 hours. Our 
average total dose of sulfadiazine for the first 24 hours was 25 gm. 
During the second day of treatment, the a^mrage total quantit^^ of 
drug given A^aried between 12 and 15 gm. but this Avas not constant 
and was increased if an optimum blood concentration of sulfadiazine 
was not reached. The total amounts of sulfadiazine given to indiAudual 
patients fluctuated widely. In our series, the largest total dose em- 
ployed Avas 245 gm. and the lov^est total dose 50 gm. : average approx- 
imately 68 gm. Factors inAmhdng absorption of the drug from the 
intestinal tract and rapidity of renal excretion or elimination must be 
considered in explaining these Avide A^ariations. MoreoA’^er, the seA'erity 
of the infection, duration or stage of the disease, time of institution of 
therapy, A'^aried clinical response of the individual to the drug, age of 
the patient, and time of appearance of toxic drug reactions materially 
affected the total dosage administered. 

Of the 134 consecuth^e cases of meningococcic infection reported in 
this paper, a total mortality of 9 cases (6.7%) for the entire group 
resulted. All fatal cases Avere autopsied. HoAvever, 5 of these cases 
AA'ere inadequately treated and died within 12 hours of admission. An 
analysis of these 5 eases shoAA-ed that 2 AA^ere fulminating meningococ- 
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cemias with the Waterhouse-Friederichsen syndrome; 3 cases were 
meningitis, in 2 of which the Micrococcus catarrhalis Avas isolated both 
culturallyv and by sugar fermentation tests. These 5 cases, therefore, 
cannot be included in the group of treated cases. Adequate therapy 
was defined as treatment with sulfadiazine or sulfanilamide over a 
minimal period of 24 hours. Four fatalities occurred in the remaining 
129 patients who received adequate therapy, a treated mortality rate 
of 3.1%. Three of these cases exhibited meningococcemia with the 
Waterhouse-Friederichsen syndrome and the 4th case had a meningo- 
coccic meningitis. 



Fig. 2. — Smear of peripheral blood, demonstrating intracellular diplococci, and toxic 
degeneration of leukocytes. (Courtesy, Signal Corps, United States Army.) X 440. 


The Waterhouse-Friederichsen sjmdrome accounted for 5 of the 9 
deaths in our series. This sjmdrome is characterized by petechial or 
purpuric skin lesions and an overwhelming septicemia associated Avith 
massive adrenal hemorrhages. This condition is rare in adults; 70% 
of the recorded cases haAung been noted in children under 2 years of 
age. These 5 cases bring to 101 the total of reported cases in the 
literature 'up to the present time.'^ The survival periods of our cases 
of the Waterhouse-Friederichsen syndrome varied betAveen 1 and 88 
hours. The shortest-lived case (1 hour) shoAved Gram-negative diplo- 
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cocci in a routine blood smear (Fig. 2). On microscopic section, all 
revealed moderate to severe adrenal hemorrhages (Fig. 3). 

The toxic effects of sulfanilamide and sulfadiazine encountered in 
this group are presented in Figures 4 and 5. The complications due to 
sulfanilamide therapy were in agreement with those reported by other 
observers. Eight out of 20 cases, (40%) treated with sulfanilamide 
had one or more toxic manifestations. Sulfanilamide was discontinued 
in the presence of hemol_^'tic anemia and drug fever. We did not feel 
that the other drug reactions, acidosis and cyanosis, warranted discon- 
tinuance of chemotherapj'. The 2 cases of hemoljdic anemias encount- 



Fig. 3. — Section of adrenal gland showing massive interstitial hemorrhages in cortex 
and medulla, ■ndth few remaining islands of normal tissue. (Courtesy, Signal Corps, 
United States Army.) X 440. 


ered were of a mild type and did not require blood tran.sfusions. The 
temperature promptly dropped to normal in the drug feyer group upon 
discontinuing the drug. 

Drug toxicity with sulfadiazine was encountered more frequently 
than has been reported by other observers. The most serious to.xic 
effects involved primarily the kidneys. In this series of cases compli- 
cations of all tj-pes due to sulfadiazine reached a total of 28 %. Of all 
complications 86% was renal in character. This is in marked contrast 
to the results in a series of over 300 cases of pneumonia treated with 
suffadiazine cited by Eatish, Shackman and Bullowa^® in which gross 
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hematuria occurred in only 3 cases (an incidence of 1 %). No mention 
is made, however, of the frequency of microscopic hematuria. Finland, 
Peterson and Goodwin® found gross and microscopic hematuria in 5.2% 
of a series of 460 patients treated with sulfadiazine. Only a small group 
of these cases were of meningococcic infection, and the group, as a 
whole, required comparatively small doses of sulfadiazine. 

We did not regard renal colic an indication for stopping sulfadiazine 
chemotherapy, as recommended by Keitzer and Campbell.'^ We con- 
tinued the use of the drug cautiously, exercising great care in its 
administration. Six cases of renal colic were encountered, 2 of which 
developed oliguria, and 1, anuria. The remaining 3 cases showed no 
further evidence of renal irritation, despite the presence of renal colic. 

Anuria is the most serious complication of sulfadiazine medication 
and fatalities have been reported.® One of our cases developed an 
anuria lasting 19 hours. This patient was treated conservatively. 
Fluids were forced by all routes and renal function was reestablished. 

Drug fever is an unusual complication of sulfadiazine medication, 
but the occurrence of sulfadiazine arthritis is even rarer. Due to our 
limited facilities we have not been able to make an exliaustive review 
of the literature on this latter subject. Drug fever with an incidence 
of 0.2% was reported by Finland et al.^ in their series of 460 cases, but 
no cases of arthritis or arthralgia occurred in the same group. Arthritic 
manifestations attributable directly to sulfadiazine therapy occurred in 
2 of our cases, in one of which drug fever was also present. The follow- 
ing case is cited because of its unusual interest and rarity. 

Case Study. Case 1 (Fig. 6). F. T. M.,_a 35 year old white male was 
admitted to the hospital on January 11, 1943, in an imconscious state, because 
of chills, vomiting, headache, pains in the joints and soreness of the muscles of 
24 hours duration. On examination, patient was comatose and the skin cov- 
ered with petechise. He presented the classical signs of a meningitis with 
nuchal rigidity and positive Kemig and Brudzinski. The pharjmx was not 
injected. No spleen was palpable. Temperature on admission was 101.6° F., 
pulse 132, respiration 28. 

A lumbar puncture showed a cloudy fluid under increased pressure contain- 
ing 14,800 white blood cells Avith 95% polymorphonuclears. Globulin was 
positive. Smear revealed many extra- and intracellular Gram-negative diplo- 
cocci. Blood and spinal fluid cultures were negative. The white blood count 
was 36,550 cells with 89% polymorphonuclears. A Lerdn tube was passed 
and an initial dose of 8 gm. of sulfadiazine given. Within the first 24 hours, 
the patient received 25 gm. of sulfadiazine orally. On the 2d day patient 
regained consciousness and was much improved, the temperature falhng to 
100° F., and pulse to 98. His only complaint was ser^ere headache. The first 
blood sulfadiazine level 24 hours after sulfonamide therapy was reported 
5.6 mg. In spite of large doses of sulfadiazme, the blood concentration of the 
drug rose slowly and reached 9.9 mg., 48 hours after chemotherapy was in- 
augurated. Subsequent sulfadiazine levels were no higher than 13.1 mg. 
reported on the 5th day. Pains in the right elbow and wrist first appeared on 
the 6th day, and these joints were found to be swollen, tender, painful and hot. 
The temperature_ fluctuated between 101° and 102° F. The joints were 
treated conservatively and large doses of acetysalicjdic acid given with only 
slight relief. The sulfadiazine Avas continued and on the 7th day the left 
elboAV and left aatIsI flared up similarly. Temperature persisted at 100.4° F. 
The left knee became painful and swollen on the 8th day. A sulfadiazine 
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level of 9.8 mg. and blood count of 15,150 white blood cells with a normal 
differential were reported on the 8th day. Joint symptoms persisted and, be- 
cause of this, sulfadiazine was stopped on the 13th day. Within 36 hours after 
discontinuance of the drug, all joint manifestations subsided and on the 16th 
day remittance of the fever occurred. 

Comment. The spectacular improvement in this patient after all 
drug therapy had ceased— the disappearance of joint symptomatology 
and subsidence of fever— made it plausible to attribute these effects to 
drug therapy. Since drug fever occurs infrequently with sulfadiazine, 
and joint manifestations are still rarer, the problem of differential 
diagnosis between drug idiosyncrasy and an occurrence of a new 
meningococcic focus localized in the joints was a difficult one. 

The evidence for sulfadiazine arthritis Avas as follows: first, the 
appearance of migratory arthritis in spite of 6 days of massive sulfadi- 
azine therap}^’ second, a falling ndiite blood count; and third, the 
prompt and dramatic subsidence of fever and arthritis following dis- 
continuance of the drug. Notwithstanding these symptoms it was 
thought best to err on the side of conservatism and to continue the 
administration of the drug, since it is Avell knoAvn that meningococcic 
infections are notorious in their recurrence after inadequate sulfonamide 
therapy. 

Fig. 4.— Incidence of Toxic Manifestations Occuhring in 134 Cases of 
Meningococcic Infections 

Sulfanilamide Sulfadiazine 


Complication Incidence Complication Incidence 

Acidosis 1 Drug fever 3 

Drug fever 3 Arthritis 2 

Cyanosis 4 Anuria 1' 

Hemolytic anemia ... 2 Oliguria 4 

Leukopenia 0 Hematuria; 

(а) Microscopic ... 17 

(б) Gross 11 

Renal colic G 

Total cases *8 Total cases *3G 

* Several cases had more than one complication. 


It is noteworthy to add that the patient gaA^e an additional history 
of having sustained a fall, injuring both elbows, both vn-ists and his 
left knee, 1 week prior to his present illness. This brought up the 
interesting question of whether previously traumatized joints are more 
prone to sulfadiazine arthritis than normal joints. In one other case 
in our series an arthritic complication of a previously injured joint 
occurred under sulfadiazine therapy. The second patient Avith joint 
inAmlvement injured his right knee Avhile playing football 4 years prior 
to his present illness, and a diagnosis of bursitis was made. During the 
course of his meningococcic infection and on the 6th day of sulfadiazine 
administration, this traumatized knee became red and swollen. The 
knee signs and symptoms promptly subsided when the sulfadiazine was 
stopped. No other joints Avere inAmhmd. 

Another important point Avhich this case aptly illustrates is the 
disproportion betAveen administration of large doses of sulfadiazine and 
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low blood concentrations of the drug. The highest blood level recorded 
in this case was 13.1 mg. on the 5th day, with levels varying between 
4.4 and 13.1 mg. Nevertheless, low blood sulfadiazine concentrations 
do not militate against clinical recovery. The exact role of blood 
sulfadiazine levels as a factor in clinical improvement and cure is 
difficult to assay. Our experience has taught us that certain cases with 
satisfactory blood levels have done poorly while other cases with low 
blood concentration have had a remarkably smooth course. Low 
blood sulfonamide levels are not inconsistent with complete clinical 
cure, and the explanation may lie in the delicate balance existing 
between the rate of absorption of the sulfa drug from the bowel and the 
rate of elimination from the kidneys. It must be assumed in this 
patient that the relatively low blood concentration was due to either 
slow absorption from the intestinal tract, rapid renal excretion, or to 
diffusion and storage of the drug in the tissues. Slow reabsorption 
from such a tissue reservoir might well explain the continued elevation 
of sulfadiazine blood levels after cessation of therapy, which has been 
observed in some instances. 

Sununary. We have described in this paper our clinical experiences 
in treating 134 consecutive cases of meningococcic infections with 
massive doses of sulfadiazine and sulfanilamide. The total mortality 
for the entire series, treated and untreated, was 9 cases (6.7 %). In our 
treated cases there were 4 deaths (a mortality rate of 3.1 %) . Analysis 
of our fatalities showed: (o) 5 cases (3 treated and 2 untreated) clin- 
ically and on postmortem exhibited the Waterhouse-Friederichsen 
syndrome; (6) 4 cases of meningitis, 1 treated and 3 untreated, which 
were proven on postmortem examination. 

Although the diagnosis in a certain number of our cases could not be 
verified bacteriologically, sufficient clinical evidence in conjunction 
with laboratory data confirmed the clinical impression of a meningo- 
coccic infection. 

Fig. 5. — The Incidence of Toxic Manifestations as Related to the 
Mode of Sulfadiazine Administration 

No. of 


Critical analysis of sulfadiazine cases Per cent 

I. Number of cases of meningococcic infection .... 134 

II. Number of cases receiving sulfadiazine 128 

(а) Oral sulfadiazine 82 64 

(б) Intravenous and oral sulfadiazine 46 36 

III. Number of cases having sulfadiazine complications — all 

types regardless of mode of administration . . 36 28 

(а) Oral .sulfadiazine complications 23 28 

(б) Intravenous and oral sulfadiazine 13 28 

IV. Number of cases having sulfadiazine renal complications — 

all types regardless of mode of administration . 31 24 

(а) Renal complications — oral sulfadiazine .... 19 23 

(б) Renal complications — intravenous and oral sulfadia- 

zine 12 26 


The incidence of toxic drug manifestations in our series was higher 
than that usually reported. It is felt that this was due to the massive 
doses of the sulfonamide utilized. In our serie.s, sulfadiazine was 
responsible for toxic reactions in 36 cases (28% incidence). Of this 
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group, 31 cases (86%) had some form of renal complication, exclusive 
of renal colic (Fig. 5). One case of sulfadiazine anuria was briefly 
mentioned. Two cases of sulfadiazine arthritis were discussed and 
evidence presented substantiating this diagnosis, with one illustrative 
case history. 



Conclusions. 1. From the results obtained in the treatment of 134 
consecutive cases of meningococcic infections, we recommend the use 
of massive doses of sulfadiazine. 

2. Our experience indicates that in the more seriously ill or moribund 
cases a satisfactory blood level is attained with difficulty with oral 
therapy. We feel that in these patients initial intravenous therapy 
should be used to complement oral medication. 
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3. The occurrence of 5 cases of the Waterhouse-Friederichsen syn- 
drome in this group of patients indicates that it may be more frequent 
than hitherto reported in the literature. 

4. An unusually high incidence of toxic manifestations due to sulf- 
adiazine was encountered in our series of cases. However, our treated 
mortality rate of only 3.1 % and no fatalities or residua which might be 
ascribed to the drug, justified the use of massive doses of sulfadiazine. 
Careful observation and supervision is absolutely essential in such 
massive therapy to prevent any undesirable consequences due to drug 
reactions. 

5. Suitable evidence and data have been presented for the existence 
of sulfadiazine arthritis as a clinical entity. 
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IDIOPATHIC HYPOPROTHROMBINEMIA 

By Franklin D. Murphy, M.D. 

AND 

John K. Clark, M.D. 

PHILADELPHIA. PA. 

(From the Department of Medicine of the Hospital of the University of Pennsylvania) 

The development of accurate methods for the determination of 
plasma prothrombin®" has led in recent years to a much clearer under- 
standing of various hemorrhagic diseases so that 2 cases, formerly 
regarded as atypical hemopiiilia, have been shown to have suffered 
from an idiopathic hypoprothrombinemia.^-® We have lately had the 
opportunity to study a patient with an obscure hemorrhagic diathesis 
in whom the most constant and outstanding laboratory finding was 
liypoprothrombinemia, totally resistant to vitamin K therapy and 
lacking adequate explanation. This ca.se would probably have been 
classed in the past as pseudohemophilia as his bleeding time was fre- 
quently prolonged, venous coagulation time always normal, platelet 
count normal and there was a history of abnormal bleeding in a sister. 
However, he shared the cardinal feature of both previously reported 
cases of idiopathic lnq)oprotlirombinemia and there seems little doubt 
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that the deficiency of this factor was responsible for his hemorrhagic 
tendency. 

Case Report. R. K., an 18 year old white male of Pennsjdvania Dutch 
stock, was admitted to the medical Avards of the Hospital of the University 
of Pennsjdvania on 3/10/43 Avith the chief complaint of persistent bleeding from 
the gums and epistaxis of 3 months’ duration. 

The histoiy began at the age of 4 AA'hen, after fracturing his nose in a fall, 
he dcA^eloped profuse epistaxns Avhich Avas controlled Avith difficulty. Thereafter, 
until the age of 10, nosebleeds, of vaiymg degrees of severity, occurred about 
once a month. From the age of 10 j'ears until his admission to this hospital 
epistaxis had become more frequent and seA'ere, occurring 2 to 3 times per 
month, and in addition bleeding from the gum margins had first made its 
appearance. In October, 1939, he was admitted to the Easton Hospital, 
Easton, Pa., complaining of hematuria. Blood studies at this time rcATaled 
bleeding time l^ minutes, coagulation time 3 minutes, prompt clot retraction 
and platelets 113,600. 

FolloAving scA^ere epistaxis, the patient Avas admitted to the Allentown 
Hospital, AllentoAAm, Pa., in Januaiy, 1943, AAdiere studies rcATaled a prolonged 
prothrombin time. He Avas then sent to this hospital for additional observation. 

The past medical historj'^ Avas non-contributorj’- except for the aboA’^e-men- 
tioned hemorrhagic tendency. 

Familj’- history, including iuA’estigation of father, mother, sibling, maternal 
and paternal grandparents, aunts, uncles and cousins reATaled nothing of a 
contributory nature except for fatal bleeding in the patient's only sibling, a 
sister. The histoiy of this girl Avas kindlj’- made aA’^ailable by Dr. Leslie Free- 
man of Easton, Pa., and is as folloAA's: B. K., a young Avhite female, aged 4, 
Avas admitted to the Easton Hospital in June, 1931, Avith chief complaints 
of epistaxis and abdominal pain. The patient had been afflicted Avith nasal 
bleeding from the age of 3 years. Physical examination revealed an anemic 
child Avith tenderness around the umbilicus and hemorrhagic areas over the 
abdomen. Blood platelet count Avas nonnal on tAA'o occasions, bleeding time 
Avas 15 minutes and coagulation time 4 minutes. After seATral transfusions, 
the parents signed the child’s release from the hospital. She Avas readmitted 
in October, 1932, with a history of profuse epistaxis of 3 Aveeks’ duration. Ex- 
amination revealed a palpable spleen. Laboratory studies shoAATd seATre 
anemia, normal platelet count and normal bleeding and clotting time. The 
patient died 14 hours after admission and the necrops}”^ was reported as shoAAung 
“ splenic anemia.” 

Occupational and social history of R. K. AA^as unessential, and there AA^as no 
history of undue exposure to knoAAm toxic materials. 

Plysical examination on admission revealed an intelligent, alert but some- 
AAffiat apprehensive young AAffiite male. Temperature was 98.3“ F., pulse 73, 
blood pressure 100/60, height 66 inches, Aveight 104 pounds. The significant 
physical findings included eAudence of recent bleeding in the nose, marked 
dental caries, a red, fissured tongue, congested and bleeding gums, palpable 
spleen which descended 1 to 2 cm. below the left costal margin Avith deep inspi- 
ration and bilateral sustained ankle clonus, not regarded as significant b}’- a 
neurologic consultant. There AA'as no eAudence of jaundice and no petechise 
or telangiectases could be found by careful examination, including nasoscopic 
study. The liver could not be felt and there was no eAodent l 3 Tnphadenopatly . 
Ophthalmoscopic examination reATaled noimal fundi. 

Laboratory Studies. Blood: R.B.C. 4,600,000, Hb. 77 %, reticuloc 3 des 7 %, 
W.B.C. 7850, neutrophils 70%, lymphocj'tes 19%, monocytes 7%, eosino- 
phils 4%. Red blood cell fragilitj’^ tests shoAved hemolysis beginning at 
0.45 and ending at 0.32 and on repetition comparable results Avere obtained. 
Erythrocyte sedimentation rate AA^as 11 mm. per hour bj^ the modified 
Rourke-Ernstene method. Figures for bleeding time, coagulation time, 
prothrombin time and blood platelet counts are shoAvn in Table 1. Clot 
retraction was prompt and good and platelet morpholog 3 ’’ normal. Kolmer 
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and Klein tests were negative. Blood type was A and Rh+. Urine: 
Specific gravity was found from 1.012 to 1.028. There was no albumin 
or sugar and the urinary sediment was always quite normal. Blood 
chemistry: Blood urea nitrogen was 9 and 7 mg. per 100 ml., serum pro- 
teins 6.1 and 6 gm. per 100 ml. with the albumin 4.6 and globulin 1.4 gm. 
per 100 ml. giving an A/G ratio of 3.2. Serum calcium was 9.8 and 
10.3 mg. per 100 ml., serum cholesterol 229 and 147 mg. per 100 ml., blood 
uric acid 4.8 and 3.7 mg. per 100 ml. and serum bilirubin less than 0.5 mg. 
per 100 ml. on two occasions. Plasma Autamin C level was 1.5 mg. per 100 ml. 
and plasma fibrinogen 331 mg. per 100 ml., both values being vdthin normal 
limits. Glucose tolerance test showed a fasting level of 60, ^ hr. level 115, 
1 hr. level 75 and a 2 hr. level of 90 mg. per 100 ml. Liver Junction studies: 
Cephalin-cholesterol flocculation test showed a 5 mm. flocculum in 48 hours. 
Hippuric acid excretion was 1.22 gm. in 1 hour and bromsulphalein test re- 
vealed 5% retention of dye after 30 minutes. Roentgen ray films of chest 
were normal. Examinations of the gastro-intestinal tract were normal, except 
for a roundworm seen on one occasion. Body section roentgenograph of the 
upper abdomen very successfully revealed a slightly enlarged spleen but nor- 
mal sized liver. Roentgen ray of skull and urogram were within normal 
limits. Dental Roentgen rays showed numerous carious teeth. Miscellaneous 
studies; Two Gothlin indices as well as the usual tourniquet test were nega- 
tive. Electrocardiogram was normal. Examination of bone marrow aspira- 
tion revealed normal inhabitants in the usual number. Urea clearance was 
75% of average normal function. Microscopic examination of the capillaries 
of the nail bed revealed definitely abnormal and bizarre forms. 

Because of the hjqioprothrombinemia the patient was given several naphtho- 
quinone derivatives by different routes. On 3/17/43, he was given over a 
24 hour period a continuous venoclysis of 3000 cc. of 5% glucose to which 
was added 20 mg. of Synkavite (l^methyl 1, 4 naphthohydroquinone— di- 
phosphoric acid ester tetrasodium salt). Before the start of the venoclysis 
the prothrombin time was 70 seconds and at the conclusion the figure was 
80 seconds (normal control 16 seconds). From 4/4/43 to 5/7/43 the patient 
received Proklot (2-methyl. 1, 4 naphthoquinone) mg. 1 p.o. with bile salts 
and Synkavite mg. 10 i.m. daily. As may be seen from Table 1, the plasma 
prothrombin level was not significantly affected. It was also clear that these 
preparations of vitamin K had no effect upon the bleeding. From 4/19/43 
to 5/7/43, the patient was given Hesperiden mg. 250 t.i.d. without effect. 
On 5/12/43 administration of adrenal cortical extract was tried. Prothrombin 
time before administration was 64 seconds. Cortin (Upjohn), 20 cc., was 
given i.m. and 5 hours later prothrombin time was 58 seconds. Then an 
additional 10 cc. were administered, 5 cc. i.m. and 5 cc. i.v. Five hours after 
the second and 10 hours after the first dose, the prothrombin time was 54 sec- 
onds, a non-significant change. The onty adequate hemostatic for this 
patient was whole blood and it was in everj"^ instance quite effective in stopping 
the bleeding. As little as 100 cc. of blood stopj^ed hemorrhage within an hour 
and prevented bleeding for from 1 to 3 days. Administration of 500 cc. of 
blood usually inhibited bleeding for about 1 week. 

Shortly after admission it was discovered that the patient was infested with 
Ascaris lujnbricoides. Hexylresorcinol therapy was efficacious. The prothrom- 
bin levels were in no wise affected bj’’ the removal of the worms. During the 
hospital stay, 6 teeth were extracted and by means of frequent small transfu- 
sions, bleeding was kept to a minimum. Beef thrombin, applied locall}" to the 
socket failed to inhibit bleeding, an observation also made when it was applied 
to the bleeding gums. 

Recently, it has been reported by Link e( al.* and Rapoport el aid that 
administration of salicylates may result in hjqDoprothrombinemia in experimen- 
tal animals and man. However, in our patient both complete avoidance of 
salicylates (of which he had been getting an occasional 10 gr. dose) for a 
period of 3 weeks as well as administration of large doses for several days were 
uathout effect on his plasma prothrombin. 
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Lacking precedent, the question of future therapy and prognosis was diffi- 
cult to answer. Temporarily a hospital job has been arranged for the boy so 
that transfusions may be made available as needed. 

Special Hematologic Studies. Studies of the blood coagulability of the 
patient and his family are seen in Table 1. Our patient showed an invariably 
prolonged plasma prothrombin time by the Quick method, <=*’) unaffected by 
vitamin K therapy or blood transfusion. The bleeding time was prolonged on 
several occasions but the coagulation time, clot retraction and platelet count 
were alwaj^s within normal limits. The father had a slightly prolonged pro- 
thronabin time, probably of no significance, and normal bleeding time, coagula- 
tion time and platelet count. The mother’s studies were quite normal. Stud- 
ies done at the Easton Hospital in 1931 on the sister’s blood showed increased 
bleeding time, nonnal coagulation time and platelet count. No prothrombin 
(letennination avas done. 


Table I. — Some Blood Data in the K Family 



Prothrombin time BIcediiiR time 

CoaKulation time 

Platelet count 


(Quick)* 

(Duke) 

(Lee-White) 

(in thousands 

Date 

(sec.) 

(min.) 

(min.) 

per c.mm.) 



2"a/ient /?. K. 



3/11/4.3 . 

... 68 

12 

7 

280 

3/17/43 . 

. . . 70 


10 

234 

3/18/43 . 

. . . 80 




3/22/43 . 

. . . 70 

4 


358 

3/23/43 . 

. . . 79 




3/24/43 . 


G 

7 


3/31/43 . 

... 92 




4/ 2/43 . 

... 80 




4/ 5/43 . 

... 60 




4/ 6/43 . 


u 


234 

4/17/43 . 

’. '. '. 85 

21 



4/20/43 . 


5.j 

10 

254 

4/21/43 . 

... 72 




4/28/43 . 

. . . 90 




5/17/43 . 

. . . 100 

15 

10 

291 



Father of E. K. 



4/18/43 . 

... 19 

2 

9 

280 



Mother of R. K. 



4/ 8/43 . 

... 10 

n 

8 

256 



Sister of R. /C.f • 



5/12/31 . 


15 

4 

219 

5/23/31 . 




297 


* Normal control — 16 seconds. 

t Studies done at Easton Hospital, Easton, Pa. 

In order to check for the presence of antiprothrombin and antithrombin our 
patient’s plasma was mixed with normal plasma in equal parts. The prothrom- 
bin time of the normal plasma was 16 seconds and that of the mixture was 
18 seconds. This prolongation of the prothrombin time was exactly the same 
as that obtained after mixing the nonnal plasma with a prothrombin-free 
fluid such as 0.85 % NaCl solution and was thought to demonstrate the absence 
of an excess of antiprothrombin or antithrombin. 

To rule out the possibility that an excess of heparin was a factor, protamine 
was mixed with R. K.’s plasma in concentrations of 1/25, 1/50, and 1/75 mg. 
of protamine to 1 cc. of plasma. These mixtures caused pro ongation of the 
prothrombin time but only to a degree to be e.xpected from dilution with saline 
solution. In addition, the patient was given 40 mg. of protamine intra- 
venously. Before injection, the prothrombin time was 92 seconds, 

30 minutes after injection it was 65 seconds. No further attempt was made to 
give the patient protamine because of the development of a marked sensitivity 
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to this protein. The significance of the finding is difficult to interpret but it 
may be stated that the normal coagulation time associated with marked hypo- 
prothrombinemia speaks strongly against an excess of heparin as being the 
cause of the low plasma prothrombin and bleeding in this patient. 

It was felt necessary to check the prothrombin along the lines suggested by 
Warner, Brinkhous and Smith. Accordingly such a procedure was carried 
out by Miss Lillian Panzer on 5/5/43. After incubating the fibrinogen-free 
plasma of a normal control with thromboplastin and calcium for 90 seconds, a 
solution of fibrinogen was added and a clot formed in 14 seconds at a plasma 
dilution of 8 to 1 while B. K.’s plasma, treated in the same fashion required 
48 seconds to clot in a dilution of only 2 to 1. The results were taken to mean 
that the prothrombin content of R. K.'s plasma was quantitatively low and 
that the fault was not merely in the conversion of prothrombin to thrombin. 

Since the plasma fibrinogen of one of the reported cases of idiopathic hypo- 
prothrombinemia was apparently abnormally resistant to the action of throm- 
bin,* it was thought best to check R. K. for such an abnormality by the addi- 
tion of fibrinogen preparations to his plasma. On 4/21/43 a solution of fibrino- 
gen, freshly prepared from normal blood was mixed in equal parts with R. K.’s 
plasma. Before the addition of fibrinogen, the prothrombin time was 72 sec- 
onds while that of the mixture was 45 seconds. This was repeated on 4/28/43 
and again the prothrombin time was reduced, this time from 90 to 65 seconds. 
A prothrombin determination done on the fibrinogen solution showed no clot 
in 900 seconds which indicated that the solution was practicallj^ free of pro- 
thrombin. An additional study involving the addition of deprothrombinized 
normal plasma, prepared by shaking with colloidal aluminum hydroxide, to 
R. K.’s plasma showed no reduction in the prothrombin time. This result 
was difficult to interpret. Nevertheless, it seemed that there was definitely 
suggestive evidence of some type of qualitative defect of R. K.’s plasma 
fibrinogen. 

Another curious finding was that dilution of R. K.’s plasma with equal 
parts of saline only increased the prothrombin time from 79 to 94 seconds, 
definitely less than would be expected. This observation was also made in a 
previously reported case of idiopathic hypoprothrombinemia.* 

Discussion. In 1941, Rhoads and Fitz-Hiigh^ reported the case of a 
young white male, previously diagnosed as atypical hemophilia, in whom 
the discoA^ery of marked hj^poprothrombinemia, resistant to the admin- 
istration of vitamin K, required that the diagnosis be changed to idio- 
pathic hypoprothrombinemia. The patient died as a result of central 
nervous system hemorrhage and examination of the liver revealed 
some atrophy of liver columns but the changes were considered too 
slight to have been the cause of the low plasma prothrombin. The 
case of Beard, quoted by Quick,* was similar in many respects to that 
of Rhoads and Fitz-Hugh but in spite of the fact that the bleeding 
continued in this case, the hypoprothrombinemia responded favorably 
to vitamin K therapy. Our patient had certain important features 
in common wdth the patient of Rhoads and Fitz-Hugh. Both had 
marked hypoprothrombinemia unresponsive to the administration of 
various preparations of vitamin K given by various routes. The plate- 
let count of both ivas never low enough to account for abnormal bleed- 
ing. Hemorrhage in both had started early in life and their bleeding 
times were frequently prolonged. Special studies revealed that the 
plasma fibrinogen of both patients was qualitatively defective although 
this was shown less w'ell in our patient. There were, however, definite 
differences between the 2 cases. The coagulation time of R. K. was 
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always normal, clot retraction good, bleeding usually from nose or 
gum margins and there was a familial history of bleeding in a female 
sibling. The patient of Rhoads and Fitz-Hugh, on the other hand, 
had a prolonged coagulation time, poor clot retraction, hemarthrosis 
was common and there was no familial history of abnormal bleeding. 
Despite these differences, it seems fair to reemphasize the fact that 
the bleeding in both patients was probably due to unexplained hj^po- 
prothrombinemia and that thej^ therefore, deserve to be classified in 
the same general group which as yet is not understood well enough to 
stand sub-classification. 

Another significant point is that R. K., except for the hypoprothrom- 
binemia, seemed to fit quite well into that rather ill-defined disease 
entity called pseudohemophilia, and in fact such would have probably 
been his diagnosis had not the prolonged prothrombin time been dis- 
covered. Increased but variable bleeding time, normal coagulation 
time and normal platelet count, found in R. K., are characteristically 
present in pseudohemophilia. Abnormal capillaries, seen in the nail- 
bed of our patient, have been shown by Macfarlane® to be present in 
pseudohemophilia. The type of bleeding, negative tourniquet test 
and even the slightly enlarged spleen are compatible with a diagnosis 
of pseudohemophilia. The bisexual hereditary and familial history, 
required for a definite diagnosis of this disease, is represented in our 
patient in part by a fatal hemorrhagic disease in the only sibling, a 
sister. A re^dew of the literature reveals that those few cases of 
pseudohemophilia^'®'*'’-^^ in which plasma prothrombin was apparently 
determined by accurate methods, had normal or only slightly in- 
creased prothrombin times. There is, however, distinct laboratory 
and clinical variability among the cases of hemorrhagic diathesis which 
have been grouped together as pseudohemophilia so that this disease 
is still not sharpl3’- defined.- Since the plasma prothrombin has been 
studied bj^ modern methods in onlj’’ a few cases of this disease, it 
seems possible that prothrombin determinations on a large number of 
these patients might demonstrate a lack of this factor as the cause of 
bleeding in certain cases of pseudohemophilia. 

The cause of the hj^poprothrombinemia in our patient can be onl}^ 
speculative. There are 5 main situations in which a low prothrombin 
is found,®*" namelju deficienc}"^ of Autamin K; inadequate absorption 
of Autamin Iv from the gastro-intestinal tract; poor utilization of Auta- 
min K bj"" the liA^er ; action of toxins (dicoumarin) ; and idiopathic. The 
first 2 situations were shown not to be present in our patient as there 
was no significant response of his plasma prothrombin to the parenteral 
or oral administration of Autamin K. If this patient’s marked hj^po- 
prothrombinemia were due to poor hepatic utilization of vitamin Iv 
on the basis of liver damage, one might reasonably expect definitelj" 
abnormal results in some or all of the tests for liver function Avhich Avas 
not the case AAuth R. K. as studies of hepatic function, taken as a 
whole were not abnormal. Furthermore, liA^er size Avas normal and 
the patient did not present the clinical picture usually associated AAuth 
liA'er disease of a degree required to, giA'e this severe and resistant 
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hypoprotlirombinemia. Nevertheless, the poor sensitivity of the liver 
function tests in use today does not allow the complete elimination of 
liver damage as the cause for this patient’s low plasma prothrombin. 
One could hypothesize, however, that R. K.’s primary fault was a 
specific inability of his liver to synthesize prothrombin, occurring in 
the presence of relatively normal IRer function in other respects and 
possibly familial in character. 

As to toxic causes of hypoprotlirombinemia, it is interesting to note 
the similarity of R. K. to patients who have received overdoses of 
dicoumarin. However, we were never able to demonstrate any evi- 
dence that a toxin was influencing R. K.’s prothrombin and this seems 
further borne out by the fact that changes in diet and environment 
were without effect. 

It appears then that the term idiopathic is needed to describe this 
case and that the cause of the hypoprotlirombinemia cannot be defi- 
nitely stated. 

Summary. A case of apparent idiopathic hypoprothrombinemia has 
been presented which was in most respects comparable to 1 of the 2 
previously reported cases of this condition. 

An additional feature ivas the marked similarity of our patient’s 
disease to pseudoheraophilia. 

This case presented many points of similarity to patients receiving 
overdoses of dicoumarin, but no adequate cause for the hypoprothrom- 
binemia was demonstrated. 

Since this paper was submitted for publication, another case has been reported 
which in most respects is similar to our case.-® 
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Introduction. Lavoisier had no sooner discovered o.\-ygen and its sig- 
nificance to life than experimenters began to subject animals to concentra- 
tions of oxygen greater than that in the air. Indeed, Lavoisier himself 
with Seguin”® established the fact, since abundantly confirmed, that 
inhalation of I atmosphere of oxygen does not alter the oxidative metab- 
olism. Early, administration of oxygen to the sick made a strong appeal 
to the imagination — both lay and professional. Rational o.xygen therapy 
slowly evolved and was put upon a sound iiasis b}'^ the introduction of the 
arterial puncture — to determine hemoglobin unsaturation, and the oxygen 
chamber, tent, and mask — to assure efficient administration. The im- 
proved technical production of cheap, pure o.xygen was, of course, an 
important contributing factor in this advance. 

Two other fields of human activity were meanwhile increasing, the one 
old, the other new: namelj^ deep-sea diving and flying. Oxygen inhalation 
at greater than normal pressures assumed importance in these. Paul Bert, 
devoting years to the study of physiologic reactions in the first of these 
fields, embodied his findings in his classic, La Prcssion Baromctriquc 
(1878).'*'’ For the first time he revealed that o.xygen plays a dual role. 
On the one hand — at low pressures — it sustains life; on the other — at high 
pressures — it kills. “ One finds clearly demonstrated,” he said, “ the appar- 
ently paradoxical result that under the influence of very high o.xygenation 

* The ■work cle.scribed in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Researcli and Develoj)- 
inent and the University of Pennsylvania. Permission for publication granted by the 
Office of Scientific Research and Development. 
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of the blood, the tissues oxidize less, organic combustions diminish in 
energy, production of CO 2 , excretion of urine, the destruction of sugar in 
the blood are diminished, and that as a result temperature falls.” (Re- 
viewers’ translation.) 

Thus began the subject of oxygen poisoning. Literature has accumu- 
lated; at first sight scanty, but upon search, surprisingly extensive. Vari- 
ous points of view were emphasized— deep-sea diving, aviation, micro- 
organisms, new groAvths, enzjones, blood gas transport, therap 3 ^ Some 
wrote a paper or two; others devoted years to the subject. In his Harvey 
Lecture, Behnke^® enumerated the fruits of these labors: Increased knowl- 
edge of alterations in the gaseous environment of man, increased efficiency 
of the diver and caisson worker, clarification of puzzling phenomena of 
flight, and greater possibility of salvage work on sunken wrecks. 

There are three types of situations involving possible oxygen poisoning: 
(1) At high altitudes, as in flying, where supplemental oxygen is given to 
counteract the insufficiency of the air. Since the ambient pressure is low, 
there need be no excess oxygen pressure;* hence, as Armstrong stated, 
“There have been no harmful effects from the use of o.xygen in aviation 
except some of a relatively minor nature.” (2) In deep-sea diving, in 
which toxic pressures of oxygen maj'- be quickly reached. It is the dream 
of those interested that an understanding of the mechanism of oxygen 
poisoning will enable man to descend to depths limited by the strength 
of materials rather than his physiology. (3) In disease, particularly pul- 
monary and cardiac, producing insufficient saturation of blood hemo- 
globin, alleviated by oxygen administration. Poisoning may arise here 
if the safe dose is exceeded. 

The first ex'position of the subject was that of Bert. Subsequently HiiP" 
devoted a portion of his book “Caisson Disease” to partial review and 
discussion of oxygen poisoning. Apparently there has been no exhaustive 
review. The authors present here a discussion of significant papers on 
the subject. 

Bert, the discoverer of the phenomenon called it, according to the 
Hitchcock^" translation, oxygen poisoning. By this is meant any varia- 
tion from the normal structure or function attributable to the action of 
o.xygen which produces deleterious effects. 

Symptomatology. Excess oxygen produces characteristic symptoms and 
signs, the rapidity of onset and severity of which vary with the partial 
pressure of oxygen. While there seems to be general agreement that 
oxygen toxicity constitutes a clinical entity, there is less agreement on the 
incidence of specific symptoms, wth the exception of those referable to 
the central nervous system. 

1. Nervous System. BerP® studied the effects of increased air pressure 
on several animals, including birds, dogs and cold-blooded species. The 
outstanding sjTnptom in all cases was convulsion, characterized by tetanus 
and opisthotonus, said to resemble strychnine poisoning. Later investi- 
gators described similar convulsions at various pressures in several species. 
Bornstein and Stroink^® found clonic spasms developed in rats at S atmos- 
pheres of o.xygen, Hill®® and Shilling and Adams'®® described convulsions 
in several mammalian species at 2 to 6 atmospheres. Libbrecht and 
Massart'®® observed convulsions in mice at 4 atmospheres, and Hederer 
and Andre®' found con\mlsions the presenting symptom in rabbits at from 

* All pressures of oxygen will be stated in terms of atmospheres absolute. Ordinarily, 
when administering oxygen, it is sufficient to indicate the concentration by stating the 
per cent. At higher pressures, liowever, such a designation becomes confusing. 
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0.8 to 12 atmospheres of oxygen. Behnke ct subjected dogs to 4 atmos- 
pheres of oxygen for 2 to 4 hours, and found that 2 out of 9 developed 
eonvulsions, wlu'cli were described as respiratory in type. Later, Shaw, 
Behnke and Messer'^i stated that “the s^miptoms of acute oxygon poison- 
ing (at 4 atmospheres of oxygen) “wliich are most apparent are the 
changes in blood pressure” (see below) “and the convulsive seizures of 
the head and neck.” Although generalized convulsions have not been as 
frequently observed in man as in other species, Behnke stated'*® that 
“ essentially o.x^'gen induces transient idiopathic epilepsy in the apparentlv 
normal individual.” More specifically, Bornstein and Stroink,-*® while 
finding no symptoms in man at rest for 45 minutes in 2 atmo.spheres of 
oxygen, observed clonic spasms of the legs with hyperactii'e patellar 
reflexes when the subject was working on a bicycle. Behnke, Johnson, 
Poppen and Motlej'®’’ studied the effect upon man of 1 to 4 atmospheres 
of oxygen, and described the symptoms as all referable to the nervous 
system ; these included more or less generalized convulsions, syncope, and 
loss of coordination and attention. Thomson’®^ observed 2 naval officers 
under 4 atmospheres of oxygen; 1 of these developed facial twitches in 
16 minutes and the other, a tremor of the lips. When the second subject 
was returned to air at normal pressure, clonic seizures were followed by 
unconsciousness. The possibility that the .symptoms in the second case 
were due to aero-embolism cannot be exclufied. (See section on Aero- 
embolism.) Behnke, Forbes and Motley**® studied the effects of oxygen 
at 4 atmo.spheres on men. The^' measured visual changes to be described 
later, but al.so observed dizziness, stupefaction and a “sense of impending 
collapse.”' Substitution of air by removal of the mask was followed by 
recovery and a sense of exhilaration. ]3ecker-Fre3'sang and ClamamF® 
subjected themselves to 0.9 atmosphere of oxygen for 60 hours, and after 
the first 24 noticed paresthesias of the fingers. Behnke®® described true 
epileptiform convulsions developing 45 minutes after subjection to 4 atmos- 
pheres of oxygen. In a review of obser^"ations pertinent to submarine 
salvage work, Jenkinson*®® gave as characteristic symptoms twitching of 
the head and neck, convulsions and parestliesias. Moody and Howard'®® 
described convulsions in a child with pneumonia who was treated for 6 days 
in an oxygen tent with a concentration presumed to be over 0.7 atmosphere 
although it was not measured in this case. 

The non-specificity, or general nature of the central nervous system 
response to high oxygen is suggested by the observations of Bean and 
Rottschafer®® that the removal of the cortex, and e'\’'en of the cerebrum in 
dogs had no appreciable effect upon the convulsions produced by 5 to 
6 atmospheres of oxygen. 

TJiere has been only one piece of work done on the special senses, by 
Behnke, Forbes and Motley,®® who found that 3 atmospheres of oxygen 
produced, among other effects, a reversible loss of visual acuity, contrac- 
tion of the fields to the tubular type (reminiscent to the Reviewers, of 
that seen in ad^"anced central nervous sj^stem lues) but with pupillary 
dilatation. 

The mental effects of oxygen at high pressures were first described in 
detail by Hill and Phillips.'®' They associated personality t^'pes with the 
appearance of certain symptoms. For example, those divers showing 
overcontrol, suppressed fears and resentment of observation and direction, 
designated by the authors as the “ pliilosophical type,” were prone to 
show work failures, dizziness and claustrophobia at 7 to S atmospheres 
of air pressure (oxygen == 1.4 to 1.6 atmospheres). In contrast, the 
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“practical type” were relatively free of symptoms. Nitrogen narcosis 
as a contributing factor in these symptoms was not discussed by the 
authors. Previous to this, Binger and Faulkner'*^ had found that rabbits 
and dogs became drowsy within 3 days, breathing 0.8 atmospheres of 
oxygen, although Paine, Lynn and Keys^®^ later produced lethargy in dogs 
in 2 hom's at 1 atmosphere of oxygen. Davidson, working with 1 atmos- 
phere of oxygen, found no effect upon reaction time in choice tests in 
20 minutes, but Shilling and Willgrube,^®^ in a highly quantitative report, 
showed a slowing in problem-solution, cross-out tests and light-to-touch 
reactions with increasing pressure. The amount of slowing was also re- 
lated to the subject’s mental ability. To eliminate possible confusion with 
nitrogen narcosis, they studied these effects with increasing time at a 
given pressure and with increasing experience, and found the mental 
slowing was reduced in each case. Haldane®® distinguished the mental 
effects of high oxygen from those of high carbon dioxide and nitrogen in 
the period of recovery: in the former, there is marked terror, but in 
the latter two, there is calmness. Behnke®® described “mental torpidity” 
as characteristic of oxygen poisoning. Although the effects of oxygen on 
the respiratory system will be separately considered, it should be men- 
tioned here that Barach^® found, in patients with a preexisting chronic 
anoxia, that inhalation of 0.5 atmosphere of oxygen produced profound 
but reversible disturbances in mental functioning, consisting of deep sleep 
and stupor followed by coma and delirium. This finding supports Hill’s 
statements®® that coma and paralysis are frequent symptoms in animals. 

Respiratory Symptoms. As the discussion on the disorders produced by 
high oxygen will demonstrate, the respiratory system is second only to 
the nervous system in its apparent susceptibility to the gas. The first 
symptom to be expected is dyspnea. While Hill®® pointed out that the 
earlier authors, from the time of Lavoisier to 1912, described respiration 
under increased air pressure as variously increased and decreased in 
amplitude and frequency, there seems to have been little mention of 
dyspnea. Hill found this symptom dominant in several species of warm- 
blooded animals, and earlier in onset than the central nervous system 
symptoms. Binger, Faulkner and Moore'*® found that dyspnea and cyano- 
sis were the dominant symptoms in rabbits and dogs exposed to 0.8 atmos- 
phere of oxygen for longer than 3 days. (This is related to the pulmonary 
changes to be described later.) Most of the rats placed in 1 atmosphere 
of oxygen for 3 to 4 days by Boycott and Oakle^^® showed increasing 
dyspnea as the only symptom, and died apparently from dyspnea described 
as “ explosive.” Paine, Lynn and Keys^®^ also found dyspnea the most 
important symptom in dogs placed in 0.9 to 1 atmosphere of oxygen; the 
time of development varied from 4 to 75 hours. GeselF® found essentially 
the same symptoms. 

Passing from dyspnea to more general variations in respiratory effort, 
Achard and Leblanc® described the death of guinea pigs and rabbits in 
0.8 atmosphere of oxygen as due to asphyxia follo'wing slowed and jerky 
respiration appearing in the second day. Smith, Heim, Thomson and 
Drinker*®® subjected rats to 4, atmospheres of air pressure (0.8 atmosphere 
of oxj^gen), and noted that on the 3rd day, the animals were acutely ill, 
showing hyperpnea and cyanosis. In connection wdth the con^nIlsive 
seizures described by Shaw, Behnke and Messer above,*®* these authors 
fimther stated that the seizures are “essentially inspiratory con\mlsions 
and are not unlike those in certain types of asphyxia.” The convulsive 
period was, in fact, “ terminated by respiratory failure.” Behnke®® found 
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in healtliy males after a 7-hour “tolerance period” in 1 atmosphere of 
oxygen, an increased respiratory depth. Finally, Paine, Keys and Lynn'” 
described the death of dogs in 0.9 to 1 atmosphere of o.xygen within 
48 to 120 hours as occurring after a period of respiratory distress. Marshall 
and Rosenfeld'2® found in addition that the administration of o.xygen 
will enhance the respiratory depression from various drugs to the point 
of apnea and respiratory failure. Although more important from a meta- 
bolic point of view, the measurement of respiratory minute volume also 
bears a relationship to respiratorj'^ symptoms. While HilF® could find 
little change under compressed air, Clark-Kennedj’' and Ou’en'- reported 
a decrease in pulmonary ventilation when the ox^’^gen was raised to 
onl.y 0.26 atmosphere (far below the minimum concentration at which 
most authors report symptoms). On the other hand, Bean,'^’'® found an 
increased respiratory minute volume in dogs at 4 to 5 atmospheres of 
o.xygen, and Bean and Haldi-' confirmed this in dogs at 5 atmospheres, 
although there Avas no increase at 1 atmosphere. Bean and Rottschafer-’’ 
also found an increase at 5 to 6 atmospheres in decorticate and decerebrate 
dogs. In man, hoAvcA^er, Behnke, Johnson, Poppen and Motley” found 
no change in minute volume at pressures from 1 to 4 atmospheres. In fact, 

“ the irritatiA'’e effect of o.xygen on the lungs was noted in only one subject ” 
(out of 10) “on a single occasion,” although an increase in respiratory rate 
Avas observed. The single occasion A\'as at Ioav pressure (1 atmosphere). 
Sclwab, Fine and Mixter'"*® found no change in respiration in patients 
breathing 1 atmosphere of o.xygen for 3 hours. Similarly, Becker-Frey- 
sang and Clamann-^ could detect no consistent change in respiration in 
themseh’^es at 0.9 atmosphere of oxygen for 60 hours, although at the 
end of the e-XTieriment one of the authors developed bronchopneumonia, 
presumably a result of the high oxygen tension. Vital capacity AAxas de- 
creased in 1 subject and unchanged in the other. In dogs subjected to 
1 atmosphere of o.xygen for 6 minutes. Watt, Dumke and Comroe'®® found 
a transient diminution in respiratory minute A'^olume of 11 to 13%. After 
elimination of respiratory chemoreceptors by the denervation of the 
carotid and aortic bodies, hoAA'ever, there Avas no change, and sometimes 
an increase. The authors concluded that since the chemoreceptors are 
continuously activated by the usual degree of o.xygen unsaturation of the 
blood, the decrease of this saturation by high concentrations of oxygen 
eliminates this activation, resulting in diminution in respiratory minute 
Amlume. 

Tavo general conclusions seem Avarranted from the cA'idence given above. 
The first is that respiratory sj^mptoms are dominant in the action of 
o.xygen at 0.8 to 2 atmospheres, Avhile central nervous s^^stem symptoms 
are dominant above this IcA^el. This maj’’ perhaps be because at high 
pressures, death due to central nervous system symptoms precedes the 
possible dcA^elopment of pulmonary symptoms. The second conclusion 
is that in any case o.x^^gen appears to be less irritating to the pulmonary ' 
system in man than in other species. HoAvex^er, conclusions Avith respect 
to man must be guarded since data are limited. 

Cardiovascular Symiitoms. Because of the comparatiA’^e paucity of data, 
it is conA^enient to group together the heart rate' in the intact organism, 
the blood pressure and the A'^asomotor signs of pallor and flushing. Bert 
observed"*® that under 3 to 4 atmospheres of air pressure (o.xygen = 0.6 
to 0.8 atmosphere), the pulse rate Avas loAvered, and there appeared to be 
an inci’ease in arterial tension, although this AA’^as not measured. HilF® 
confirmed the results obtained by other early inx'^estigators Avho found no 
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appreciable change in either pulse rate or blood pressure. Parkinson^^* 
observed a definite decrease in pulse rate when men breathed oxygen 
through masks at atmospheric pressure for 30 minutes. A similar observa- 
tion by Dautrebande and Haldane™ with an increase in the bradycardia 
as the pressure was raised to 2 atmospheres was explained by these authors 
as a possible protective mechanism against excessive changes in respiratory 
metabolism. Bean found a definite decrease in pulse rate in dogs subjected 
to 4 to 5 atmospheres of oxygerf^-^® which he compared to a similar result 
from the administration of carbon dioxide. Richards and Barach^^^ kept 
2 normal subjects in 0.5 atmosphere of oxygen for 7 days, and while there 
was no appreciable change in cardiac output, they noticed a fall in pulse 
rate. Shaw, Behnke and Messer™^ concluded from their experiments on 
dogs that the first sign of oxygen poisoning was a fall in blood pressure, a 
point which was disputed by Bean and Rottschafer^ who found that the 
blood pressure change was not consistent in dogs at 5 or 6 atmospheres. 
They also found that the bradycardia was dependent upon an intact vagus, 
a point later substantiated by Bean and Whitehorn.™ On the other hand, 
when observing men in 3 and 4 atmospheres of oxygen, Behnke, Forbes 
and Motley®^ noticed that a rise in blood pressure accompanied the other 
signs of poisoning, which included pallor and an increase in pulse rate. 
Becker-Freysang and Clamann,^’ after 24 hours in 0.9 atmosphere of 
oxygen, found no marked change in their pulses, with the exception of 
an attack of paroxysmal tachycardia (which is not necessarily related to 
the oxygen); they made no measurements of blood pressure. Schwab, 
Fine and Mixter^^® observed a bradycardia of 60 for the first | to 1 hour in 
patients breathing 1 atmosphere of oxygen; there was no change in blood 
pressure or color in 3 hours. However, at 7 hours in 1 atmosphere, 
Behnke^* found that healthy males showed a rise in pulse rate accom- 
panied by pallor, which was replaced by flushing as the time was extended. 
This was explained as a possible sympathetic stimulation followed by 
parasympathetic, suggesting the action of a histamine-like substance. 

In connection with this, Willmon and Behnke*’® found 1 man who when 
exposed repeatedly to 2.5 atmospheres of oxygen, developed an allergic 
response, characterized by dermatitis and generalized wheals which were 
relieved by a preparation of histaminase. However, no similar cases have 
been found in the literature. 

Several less clearly defined symptoms of oxygen poisoning are described 
in man and animals. Malaise is described by Becker-Freysang and 
Clamann,^’ perhaps due to the concomitant development of pneumonia; 
anorexia is described by Binger, Faulkner and Moore,^ Boj^cott and 
Oakley,^® and Paine, Lynn and Keys;™’ nausea and vomiting were observed 
by Becker-Freysang and Clamanrf’ andBehnke"* whoalsofound several sub- 
jects under oxygen at 1 atmosphere who complained of substernal distress. 

Summarizing the cardiovascular changes, although there is not com- 
plete unanimity, the bulk of evidence shows that high tensions of oxygen 
are usually accompanied by a bradycardia which is apparently of vagal 
origin. As to blood pressure variations, there is neither sufficient agree- 
ment nor evidence to warrant a conclusion. Similarly, the observations 
are too few and scattered to allow a generalization about other sj'^mptoms, 
which appear to vary considerably. 

Pathologic Anatomy. Since a ^e^dew of the symptomatology seems to 
warrant the conclusion that at tensions of oxygen up to 2 atmospheres, 
the damage is chiefly pulmonar 5 '-, f-iid at higher pressures it is chiefly upon 
the central nervous system, one looks first for lesions in these 2 systems, 
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Noting tliat oxygen at a greater concentration than O.G atmosphere is 
toxic, Armstrong" stated, “The pathology in these cases indicates that 
the toxic action is restricted to the respiratory tract with congestion, 
edema, pneumonia and death occurring in that order.” Behnke-^ stated 
that pure oxygen is a pulmonary irritant. SJiilling and Adams’^ con- 
cluded, “ the convulsions and pulmonary damage are separate, unrelated 
phenomena, both eaused by the high tension of o.xygen but acting in 
different manners.” Unfortunately, there have been no exhfiustive studies 
made of nervous system lesions following oxygen poisoning, and there is 
no evidence that any occurs. In fact, with the exception of non-specific 
changes in a few other organs to be mentioned later, pathologic changes 
appear to be limited to the lungs. Hill°^ credits L. Smith with the dis- 
covery that a slow increase of oxygen pressure causes congestion of the 
lungs, Math the result that there is no “quiek rise in oj:ygen tension in the 
blood, and so the convulsions fail to appear.” Hill describes edema and 
exudate as the chief features of lung pathology. The first detailed studies, 
however, were made b.y Karsner”- and by Karsner and Ash"^ of both 
gross and microscopic changes following e.xposure to oxygen at O.S to 
1 atmosphere. The lungs of rabbits so treated showed congestion, edema, 
epithelial degeneration and desquamation, fibrin formation and finally 
pneumonia, as the time of exposure increased to 4S hours, and as the 
concentration of oxygen was raised from 0.5 to I atmosphere. Smith, 
Bennett, Heim, Thomson and Drinker’®^ carried out a similar study with 
rats exposed to 4 atmospheres of air pressure (equivalent to 0.8 atmosphere 
of oxygen). They found progressive cellular hypertrophy and hyper- 
plasia of the alveoli which persisted for months after return to normal 
pressure. These changes occurred in both young and old rats, but to a 
greater extent in the older ones. The final Jiistologic structure resembled 
an exaggeration of that normally found in une.xposed young rats. The 
younger animals and those that had been previously' e.xposed showed an 
increased tolerance or adaptation to high pressures. The possible protec- 
tive function of these structural changes was suggested by further investi- 
gation along the same lines by Smith, Heim, Thomson and Drinker,'®* 
who also found thickening and hyalinization of the walls of pulmonary 
arterioles and large arteries, with occasional thrombosis. Tlie vessels were 
said to resemble those seen in chronic nephritis. Hederer and Andre®' also 
found greater tolerance to oxygen in young than in older rabbits; however, 
rather than an increased tolerance Avith previous e.xposure, they' found 
increased sensitivity. A similar sensitization Avas found by de Almeida.’* 
Behnke ct alJ^ demonstrated pulmonary' pathology in part of a series of 
dogs exposed to 4 atmospheres of oxy'gen, but found the onset of convu]- 
sions the same as in those Avithout such changes. The basic pulmonary' 
changes consisting of edema, e.xudation and congestion AA'ere all reported 
in A'arious species by Bornstein and Stroink,^* Achard, Binet and Leblanc,' 
Achard, Leblanc and Binet,® Binger, Faulkner and Moore,'” Pflesser,''”’ 
Armstrong," OrzechoAvski and Holzknecht,'*® Binet, Bochet and Bry'skier,'" 
Paine, Key's and Lynn,”® and Paine, Lymn and Key's.'” In addition, 
true hemorrhagic extra A'asation Avas obserA'ed in turtles exposed to 0.9 
atmosphere of oxygen by Faulkner and Binger.*® Other pulmonary' signs 
of oxy'gen poisoning include massiA'e pleural effusion, seen in rats exposed 
to 1 atmosphere by Boycott and Oakley,^® pulmonary' hemorrhage in 
seA'eral mammalians, seen by Shilling and Adams'®® in pressures as high as 
4 atmospheres of oxygen, and atelectasis at 4 atmospheres, found in dogs 
by Behnke et a/.®® The literature contains no reports of pathologic studies 
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ofi'the lungs o! man dying from the effects of high oxygen pressure, but 
there is some indirect evidence. When Becker-Freysang and Clamann-^ 
exposed themselves to 0.9 atmosphere of oxygen for 60 hours, one of them 
developed all the signs of bronchopneumonia at the end of the experiment, 
and required 10 days to recover. Jenkinson^''® drew upon his experience 
in submarine salvage work to state that high concentrations of oxygen at 
atmospheric pressure administered for several hours may bring on con- 
solidation. 

There is no evidence in the literature of lesions in the central nervous 
system. 

There is a scattering of observations on the lesions in other organs 
following exposure to high oxygen tensions. Achard, Leblanc and Binet® 
described congestion in abdominal viscera, de Almeida’^* found atrophy 
of the testicles in rats, and Paine et observed intense contraction 

of the spleen and distention of the stomach. 

In conclusion, with the exception of minor effects upon abdominal 
viscera, the morphological changes caused by high pressm-es of oxygen are 
apparently limited to the lungs and pulmonary vessels. 

Blood. 1. Formed Elements and Hemoglobin. Surprisingly, the first 
record found in the literatm-e of a quantitative report on hemoglobin and 
red cell changes in the circulating blood under the influence of increased 
oxygen tensions was that of Campbell in 1926,^® who observed a decrease 
of both in rabbits breathing 0.5 atmosphere of oxygen for 5 weeks; this 
change he considered a part of acclimatization. In contrast, Achard, 
Leblanc and Binet® found, in short exposures (0.8 atmosphere for 2 days), 
a marked increase of both red and white cells in rabbits and guinea pigs. 
In later papers, Campbell®® reports a decrease in hemoglobin and red cells 
in several species of mammals in oxygen at about 1 atmosphere, and in 
rats at 6 atmospheres.®^ Izumiyami*®® likewise found a diminution in 
hemoglobin and red cells in 7 Imman subjects breathing 1 atmosphere 
of oxygen. 

Boycott and Oakley,"*® in order to determine marrow activity, estimated 
the reticulocytes as well as the hemoglobin concentration in rats in 0.5 
and 0.65 atmosphere of oxygen for 2 months. While there was some 
diminution in the hemoglobin concentration at 65 % atmosphere, they con- 
cluded from the reticulocyte counts that, if anything, marrow activity was 
merely slowed down. Anthony,® and Anthony and BeudenkopB® 'made 
extensive measurements of human red cells and hemoglobin while the 
subjects were breathing oxygen through masks for 20 minutes and found 
an average drop in number of red cells of 7.8 % and in hemoglobin of 3.3 % 
with a corresponding increase in the color index. While breathing 0.9 atmos- 
phere of oxygen, Becker-Freysang and Clamann®'' found a slight increase 
in red cells, and Paine, Keys and Lynn*®® showed a rise in hemoglobin 
concentration in dogs breathing 1 atmosphere. Similarly, Binet, Bochet 
and Bryskier^* found, after an initial fall, a marked rise in red cells of 
guinea pigs, mice and pigeons in 0.7 to 1 atmosphere of oxygen. 

The possibility that high pressmes of oxygen alter blood hemoglobin 
apparently has not been investigated. Brooks,®® however, reports a study 
on the relation of the rate of oxidation of hemoglobin and the partial 
pressure of oxygen. In the presence of certain oxidizing agents the rate 
is maximum to an oxygen pressure of 22 mm. The significance of this to 
oxj'gen poisoning is unknown. 

Surnmarizing the changes in blood cells and hemoglobin, while the 
majority of observers with the most extensive data report a decrease in 
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red cells and hemoglobin, a minority report the opposite. Symptoms of 
pulmonary irritation or variations in the concentrations of oxygen studied 
do not give a consistent explanation for the difference. There are only 
3 reports in the literature of determinations of white cells. Achard, 
Leblanc and Binet^ found them to be increased in guinea pigs and rabbits 
breathing 0.8 atmosphere of o.xj'gen, and 1 of 2 human subjects studied by 
Becker-Freysang and Clamann^^ showed slight leukocytosis in 0.9 atmos- 
phere. Behnke, Johnson, Poppen and Motley^'* found a slight leukocytosis 
without change in the differential from 2 hours e.xposure to 3 atmospheres 
of o.xygen. 

2. Blood Cheviistri/. Shilling, Thomson, Behnke, Shaw and Messei"'^^ 
determined a great many chemical blood and urinary constituents in 
animals e.xposed to high oxygen pressure, but found appreciable changes 
only in inorganic phosphate and sugar in the blood, which decreased. 
The drop in blood sugar sonfirmed a similar finding by Izumiyami*®* 
in man and animals. They also found a decrease in chlorides, serum 
albumin and viscosity, Avhich returned rapidlj' to normal after removal 
from the oxygen. Although Shilling ct found no great change in 
non-protein nitrogen, Binet, Bochet and Bryskier'” found a rise in blood 
urea and uric acid in mice, guinea pigs and pigeons, and Paine, Lynn 
and Keys'^^ found a 6 mg. per 100 cc. rise in non-protein nitrogen in 
dogs. Campbell*’^ reports a significant increase in blood histamine in 
rats following exposure to 5 atmospheres of oxygen (0.5 to 1.3 gamma per 
cc.), the meaning of which is not apparent since he also found that injection 
of histamine had no effect on oxygen poisoning. This may be related, 
however, to Wilhnon and Behnke’s finding”® of an allergic response to 
oxygen in a man, relieved by histaminase (see section on Symptoms). 

The finding of an increase in blood lactic acid by Bean and Haldi®* 
in dogs subjected to oxygen pressures up to 5 atmospheres is a solitary 
observation of uncertain meaning. 

Summarizing the changes in the blood, high o.xygen pressures seem to 
produce a small but significant decrease in red cells and hemoglobin, and a 
slight leukocytosis. Various minor changes in blood chemistry occur, 
including an increase in histamine, but the significance of these is not clear. 

The Circulation and Peripheral Vessels. Little work has been done on 
the actual measurement of cardiac output and blood flow, and the few 
observations recorded are limited to the vessels of the brain and retina. 
Pulse rate and blood pressure apparently tend to be lowered, although 
there is little consistency in the literature (see the section on Symptoms). 
Hill®® confirmed a number of early authors that in compressed air, the 
circulation is unchanged. The only recent observation on cardiac output 
is that of Richards and Barach,”® who could find no change in normal sub- 
jects breathing 0.5 atmosphere of oxygen for 1 week; this concentration, 
however, is usually considered outside the toxic range. 

Tinel”® found that high oxygen caused a constriction of the vessels of 
the brain. Wolff and Lennox^’® inserted a 'window over the pial artery 
of cats and observed a slight decrease in its diameter with 1 atmosphere 
of oxygen. While breathing a mixture of 90% oxygen and 10% carbon 
dioxide, the vessels were dilated and the animals showed only the symptoms 
of carbon dioxide poisoning. When the blood bicarbonate was artificially 
increased 39 % the vessels were constricted, and when the carbon dioxide 
content was lo'W'ered by the intravenous injection of lactic acid, there was 
dilatation. Cobb and Fremont-Smith®^ studied the retinal circulation m 
man and found a change in size and color of the veins, but under a mixture 
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of 90% oxygen and 10% carbon dioxide, so their results cannot be inter- 
preted as due predominantly to the oxygen. Cusick, Benson and Boothby^^ 
also studied retinal vessels. They found that 30 minutes exposure to 
1 atmosphere of oxygen caused a 10 to 38% decrease in the size of the 
vessels, the greatest change occurring in the veins. Finally, Bean^'^-^® 
directly measured blood flow to the brain through an external cannula in 
dogs subjected to 4 and 5 atmospheres of oxygen, but could find no change. 

The only conclusion that can be dra^vn from these data is that there 
appears to be a change in vascular diameter under the influence of high 
oxygen, but the extent of this change elsewhere than in the brain and its 
mechanism is not clear. 

Metabolism. Measurements of the effect of oxygen pressures up to 
1 atmosphere upon the total metabolism are naturally discussed separately 
from those made at higher pressures. The evidence available indicates 
that up to 1 atmosphere for relatively short periods oxygen has little or 
no effect. For example. Hill and Macleod®® confirming the early work of 
Bert^° found that 24 hour exposures to 1 atmosphere of oxygen slightly 
lowered the CO 2 output of mice. Benedict and Higgins,®® measuring both 
CO 2 output and oxygen consumption reported 292 observations of the 
total metabolism on 6 normal men. They concluded from this abundant 
evidence that in men in the basal state “ breathing 40 %, 60 %, and 90 % 
oxygen .... there is no apparent difference between the metabolism as 
indicated by the gaseous exchange and the metabolism when breathing 
ordinary air.” 

As might be expected owing to additional physical solution, the initial 
uptake of oxygen by the intact animal rises with increased oxygen pressure. 
Hence the determination of metabolic oxygen is difficult until a steady 
state is reached. For this reason some observers have determined total 
metabolism by measurement of the CO 2 output only. However, Behnke, 
Johnson, Poppen and Motley,®^ as well as Benedict and Higgins®® have 
excluded this factor of physical solution. For example, the former authors 
found in the case of 4 men breathing 1 atmosphere of oxygen that the 
oxygen consumption was constant for periods up to 4 hours, at levels not 
significantly different from the basal uptake as calculated from normal 
standards. But they did find an increased uptake during the first 20 min- 
utes. They excluded increased physical solution and equilibrium with 
intestinal gases as the cause, but offered no further explanation. 

No systematic studies on metabolism after prolonged (more than 
24 hours) treatment with 1 atmosphere of oxygen appear to have been 
done. Since toxic symptoms usually supervene under these circumstances, 
changes should be expected. Stadie, Riggs and Haugaard^®^ found that 
the respiration of slices of lung from dogs exposed to 1 atmosphere of 
oxygen for 48 hours was decreased by 30% from the controls. Loss of 
weight has been reported by Binger, Faulkner, and Moore,'*® and Smith, 
Heim, ^ Thomson, and Drinker.*®® However, the usual concomitant 
anorexia may have been as much responsible as metabolic changes. 

Summarizing the metabolic changes, one may conclude that up to 
1 atmosphere the inhalation of oxygen for 24 hours produces no significant 
change in the total metabolism. From the time of the discovery of oxygen 
by Lavoisier many systems of therapy have been built upon the assumption 
that the metabolism in normal and diseased states can be altered for the 
better by the inhalation of high concentrations of ox 3 >'gen. Aside from the 
one rational use, i. c., the alleviation of oxygen unsaturation of the blood 
in pulmonary and cardiac conditions, such conceptions still remain in the 

VOt,. 207, KO. 1 — JAKUABT, 1944 4 
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realm of fancy. However, the possibility that lactic acid accumulation, 
oxygen debt, and so forth can be altered during short periods of vigorous 
exercise is real and has been discussed by Clark-Kennedy and Owen,’^ 
and Hill, Long and Lupton.®^ 

When the oxygen pressure is raised appreciably above 1 atmosphere 
the situation is very different. Bert^® did numerous experiments on rats, 
mice, sparrows and dogs using both air and o.x^^gen to give partial pressures 
of oxygen ranging from 1 to 5 atmospheres. “In summary,” he stated, 
“consumption of oxygen, production of carbonic acid and urea, breaking 
down of glucose in the blood, all chemical phenomena which can be meas- 
ured easily, appear to be considerably slowed dovm by the action of oxygen 
under high tension. And as these are the phenomena which determine the 
production of heat, it is not surprising to see that the temperature of the 
animals drops considerably. Nor is it astonishing to see that death is the 
consequence of such depression in the intensity of the physico-chemical 
acts of nutrition.” (Hitchcocks’ translation.) By inference, Bert con- 
cluded that the action of oxj^gen in decreasing metabolic processes is due 
to its inhibitory effect upon the oxidative enz^mies of the tissues (v. infra). 
Hill and Macleod®® measuring the CO 2 output of mice, rats, and young 
rabbits, found a decrease at air pressures above 5 atmospheres and at 
oxygen pressures above 1 atmosphere. This, they concluded, is a constant 
concomitant of o.x^'gen poisoning. Bean*^’*® also found a definite decrease 
of oxygen uptake in dogs imder 6 atmospheres of oxygen. 

Blood Gas Equilibrium. Oxygen. The relation between inspired air 
and blood gases is affected by variations in respiratory movement caused by 
central nervous system response to toxic levels of oxygen (convulsions), 
and b^'^ possible morphological changes in the alveoli. Hence interpreta- 
tions of gas equilibria within the organism should be cautious. Neverthe- 
less, Behnke ct al.^ have clearly demonstrated a prompt equilibrium 
between alveolar and pulmonary' blood oxygen in dogs under 4 atmospheres 
of oxygen. 

Carbon Dioxide. In the problem of blood and tissue carbon dioxide 
under high oxygen, the Reviewers believe that there has been in the litera- 
ture an unfortimate and erroneous use of the word “retention.” They 
define retention as an accumulation of carbon dioxide in blood or tissues 
oving either to impaired transportation or faulty elimination. They 
distinguish from this an increase in the partial pressure of free carbon 
dioxide, which does not necessarily mean retention as will be pointed out 
later. They fimther distinguish retention from diminished metabolic for- 
mation. Without these distinctions, discussion of the literature becomes 
confusing. 

The question of carbon dioxide output under high oxygen must be 
discussed in the light of: (1) possible associated change of total metab- 
olism, or (2) true carbon dioxide retention. While there are many experi- 
ments shoving that carbon dioxide output is diminished under moderate 
oxygen pressures (0.8 to 2 atmospheres), concomitant studies on oxygen 
uptake have as a rule not been made, hence decrease in metabolism cannot 
be eliminated as the cause. Such experiments were reported by Bert,^® 
Achard, Binet and Leblanc,^ Achard, Leblanc and Binet,® and Becker- 
Freysang and Clamann.^^ On the other hand, Hill and his co-workers,®® 
in experiments at these relatively low pressures, while finding similarly 
diminished carbon dioxide output, also noted an associated fall in body 
temperature sufficient to indicate a markedly lowered metabolism. In 
other words, there is no evidence of a true carbon dioxide retention under 
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these conditions; rather, decreased metabolism is a sufficient explanation. 
However, Hill suggested pulmonary damage as the cause. While this 
might easily explain an inerease in the partial pressure of blood or tissue 
carbon dioxide as observed in other types of pulmonary pathology, it could 
only explain a temporary and not a persistent diminution of carbon dioxide 
elimination and even less, the increasing diminution which Hill observed. 
Furthermore, there is no evidence that true retention of carbon dioxide 
as we have defined it oecurs even under pressures of oxygen greater than 
2 atmospheres. In fact, Behnke et al.^ demonstrated in dogs that exposure 
to 3.8 atmospheres does not significantly alter the arterial PcOa, in sharp 
contrast to the increased PcOa of the venous blood generally observed. 
In the Reviewers’ opinion this is proof that there is no interference with 
carbon dioxide transportation or elimination. Finally, Behnke and 
Stephenson,^^ quoting their own unpublished experiments, were “unable 
to demonstrate any retardation in the elimination of carbon dioxide from 
the tissues” under high pressures of oxygen. 

On the other hand, there is clear evidence that the partial pressure of 
carbon dioxide in the tissues is increased by high oxygen. Hill,®® Gesell,®® 
Campbell®®”®'^ and Behnke et a/.®® all found an elevation of PCO 2 in tissues 
and venous blood. A consideration of the full evidence outlined above, 
particularly that of Behnke, has brought the Reviewers to the conclusion 
that this increased CO 2 pressure is not due to retention as they have 
defined it. In their opinion the interesting and unique change in the 
acid-base balance of the blood known as the loss of the dual function of 
hemoglobin, first outlined by Gesell,®® is a sufficient explanation. This is 
discussed more fully later. 

Summarizing data on blood gas equilibrium, while there is evidence that 
high oxygen pressure produces a decrease in oxygen uptake, and pari 
passu in carbon dioxide output, these changes can be fully explained on 
the basis of lowered general metabolism. Changes in the partial pressure 
of carbon dioxide constitute a separate problem, accountable for, we 
believe, by Gesell’s hypothesis. 

Influencing Factors. Gases. At the outset, the distinction must be 
clearly drawn between the specific effects of high pressures of gases other 
than oxygen, and the effects which such gases produce on the toxicity of 
oxygen. In the first case, for example, the well-knovm narcotic effect of 
nitrogen at high pressures of air characterized by stupor, mental torpor, 
and so forth might be so great per se as to obscure more or less the effects 
of oxygen. Thus, Behnke, Thomson and Motley®® contrasted the above- 
mentioned symptoms of narcosis produced by 3 to 10 atmospheres of air 
pressure with the convulsions, syncope, and so forth described by Behnke 
et al.^ as accompanying 4 atmospheres of oxygen. They infer that under 
air pressure, the symptoms are largely those of nitrogen narcosis. They 
were confirmed in this conclusion by the experiments of Case and Haldane.®® 
No experiments have been reported which would suggest any influence 
of nitrogen upon the toxicity of oxygen. These specific effects of gases 
other than oxygen do not fall within the scope of this re'sdew, but are 
mentioned in order to make the distinction clear. 

Possible toxic action of contaminants of cylinder oxygen as causal agents 
has^ been excluded by the early work of Bert,"*® who found symptoms with 
cylinder oxygen or compressed air to be solely a function of the partial 
pressure of the oxygen. Binger, Faulkner and Moore,'*® in studies on 
rabbits, also excluded ozone as a possible cause of poisoning. 

The most important gas to be considered in conjunction with oxygen is 
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carbon dioxide, because it figures largely in Gesell’s discussion of the “dual 
function of hemoglobin” (q.v.). Gesell’s hypothesis states that oxygen at 
high tensions increases the sensitivity of the animal to the administration 
of carbon dioxide owing to the broken coordination of the dual function 
of hemoglobin. This leads to acidosis which is further augmented by the 
administration of carbon dioxide, as he found to be the case in experiments 
on rats. The opposite explanation is offered by the observations of Shaw, 
Behnke and Messer*^^ who produced subnormal levels of alveolar carbon 
dioxide tension by artificial hyperventilation, and supernormal levels by 
increasing the carbon dioxide in the mixture breathed, in dogs subjected 
to from 1 to 4 atmospheres of oxygen. Although the signs of oxygen 
poisoning appeared with subnormal alveolar carbon dioxide, they were 
hastened by an elevated carbon dioxide. The authors found, like Gesell, 
that elevated tensions of carbon dioxide which were not toxic at 1 atmos- 
phere became associated with toxie symptoms in the presence of 4 atmos- 
pheres of oxygen; but, unlike Gesell, concluded that carbon dioxide might 
increase the toxicity of the oxygen or the sensiti\dty of the tissues to 
oxygen. However, it is obvious that no choice can be made between 
the two explanations on the basis of these experiments. In any case, since 
toxic symptoms of oxj^gen were found at subnormal levels of alveolar 
carbon dioxide, Shaw, Behnke and Messer concluded that carbon dioxide 
plays only a secondary role in oxygen poisoning. (For further discussion, 
see the sections on the Dual Function of Hemoglobin and Metabolism.) 

In a more restricted experiment, discussed elsewhere with the question 
of circulation, Wolff and Lennox^’- found very slight arterial contraction 
under the influence of pure oxygen, and distinct dilatation when 10% 
carbon dioxide was added. In this respect, then, carbon dioxide appears 
to exert an influence exactly opposite to that of oxygen. 

Hill®® exposed monkeys, guinea pigs, rats, and goats to a mixture of 5% 
carbon dioxide in 1 atmosphere of oxygen, and then oxygen up to 5 atmos- 
pheres. The result was that the critical pressure of oxygen needed to 
produce convulsions within a given time, and the time necessary to produce 
them at a given oxygen pressure, were both distinctly lowered. He con- 
cluded that an “increase in carbon dioxide tension in the tissues is a factor 
in the production of convulsions which follow exposure to high pressures 
of oxygen.” The same result was achieved by Massart’®^ on mice, using 
5 % carbon dioxide in oxygen at 4 atmospheres, but his explanation is that 
respirations are increased (by the carbon dioxide) and hence there is a 
more rapid arrival at equilibrium Avith the oxygen. This explanation is 
untenable in view of the facts that respiratory rate is not materially 
affected by high air pressures (see the section on Symptoms), and that 
alveolar and blood oxygen are in equilibrium Avhen pure oxygen is breathed 
(Behnke ei aZ.®®). The acceleration of oxygen toxicity by admixed carbon 
dioxide was also observed by Hederer and Andre. 

Libbrecht and Massart,'®^ in an unconfirmed single report, stated that 
hydrogen had an antagonistic action to that of oxygen at high pressures. 
Mice, Avhich had severe convulsions at 4 atmospheres of pure oxygen, 
when subjected to the same oxygen pressure plus 6 atmospheres of hydro- 
gen, developed no convulsion but severe pulmonary symptoms only, al- 
though in the latter case the animals died sooner. This Avould indicate that 
the hydrogen acts as antagonist only to the effects of oxygen upon the 
nervous system as distinguished from those upon the pulmonary system. 

Other Factors. Paul Bert^® first observed, in conjunction with the general 
slowing of physiologic processes under compressed air, that body tempera- 
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ture was lowered. HilP® confirmed this, and made the further observation, 
Avhich is difficult to explain in the light of later experiments, that he could 
protect animals to some extent by warming the pressure chamber. The 
first suggestion of the opposite effect of external temperature was given by 
Faulkner and Binger®" who found that while turtles were more resistant 
than warm-blooded animals to 0.9 atmosphere of oxygen ordinarily, they 
became fully as susceptible to lung damage when the temperature was 
raised to 37.5° C. Perhaps this is owing to the increased metabolism of 
poikilothermous animals at elevated temperatures, a well-knovm phenome- 
non. Later, CampbelP‘“®^ made quantitative studies of the temperature 
effect on rats and found that a decrease in body temperature of about 
10° C. increased the sur\'ival factor by about 10 times at pressures up to 
6 atmospheres. The only temperature studies on men that have been 
done were concerned vdth the effects of carbon dioxide and nitrogen in 
compressed air, by Case and Haldane.®® 

One would expect that muscular exercise would alter the effects of high 
oxygen pressures, but no thorough investigations have heen directed at 
this question. However, Bornstein and Stroink,'*® while finding no symp- 
toms in themselves at rest in 45 minutes at 2 atmospheres, brought on 
cramps, clonic muscular spasms and hyperacti\dty of deep reflexes by exer- 
cises. Hill, Long and Lupton®^ studied the effect of exercise in man, but 
only at the non-toxic level of 0.5 atmosphere; they found a 10 to 50% 
increase in oxygen uptake, which was not due to increased saturation of the 
blood. It would be valuable to extend this investigation to higher con- 
centrations of oxygen. 

A number of drugs have been found to affect oxygen poisoning. The 
first investigation of drugs by Campbell®® disclosed no effect by thyroid 
medication, although in later works,®® ’®®'®® he found that thyroxin and to a 
lesser degree certain other drugs, definitely enhanced the effect of oxygen 
on rats. In substantiation, he also found that the survival rate was 
increased following either thyroidectomy or hypophysectomy (to remove 
the thyrotropic effect of the posterior pituitary). He found that hista- 
mine had no effect (see section on Circulating Blood), but that oxygen 
poisoning was increased by dinitrophenol, ac-tetrahydro-beta-naphthyl- 
amine, adrenalin, extract of the posterior lobe of the pituitary, insulin, 
eserine and atropine. Marshall and Rosenfeld*®® found that oxygen 
increased the depression of respiration caused by anesthetics (including 
barbiturates and morphine, but not chlorbutanol, urethane, paraldehyde 
or alcohol) apparently by removing otherwise effective anoxemic stimuli 
which act through the sino-aortic mechanism. On the other hand, addi- 
tion of carbon dioxide to the oxygen failed to prevent this enhanced 
depression, which suggests an effect due to a specific action of oxygen. 
A conflicting observation was made by Hederer and Andre®^ that barbitu- 
rates retarded the convulsions produced by oxygen, but as might be ex- 
pected, strychnine enhanced them. 

Finally, Campbell®® and de Almeida®®’'® both found a marked increase 
in resistance to oxygen in rats that had been starved, and Smith ct al™ 
found that the tolerance of rats was decreased late in pregnancy’. 

In summary, there are several factors which influence oxygen poisoning. 
Carbon dioxide clearly exerts an influence, apparently secondary, either 
by enhancing the effect of oxygen, or bj’- contributing an independent 
effect enhanced bj^ the oxygen. There is some evidence that it counter- 
acts peripheral vascular contraction by oxygen but to what extent the 
latter occurs is not clear. Hydrogen appears to retard the effects of high 
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oxygen pressures, but there is no evidence as to an effect by nitrogen. 
Oxj^gen poisoning has been well sho^vn to be diminished by a lowered body 
temperature, and vice versa, as well as by starvation, but to be augmented 
by several drugs, notably thjToxin and certain respiratory depressants. 

Tolerance, Adaptation and Oxygen Therapy. Any discussion of oxygen 
poisoning naturally requires consideration of the maximum non-deleterious 
dose of oxygen at various pressures above the normal of 0.2 atmosphere. 
The observations in the case of man are more complete and consistent than 
those for other species, and will be considered first because of their im- 
portance. 

The lowest concentration of oxygen at which physiologic changes have 
been noticed was reported as 45% by Richards and Barach,“^ who found 
that 2 normal subjects kept at this level for a week showed a fall in pulse 
rate and a slight rise in total carbon dioxide content of the blood. There 
were no changes in respiratory metabolism, cardiac output or excretion of 
electrolytes and water. Patients with cardiac insufficiency, however, 
showed good therapeutic response to oxygen at 0.4 to 0.5 atmosphere for 
periods up to 7 months without demonstrable signs of oxygen poisoning.*'” 
Binet et a/J^ described some minor physiologic changes in rabbits at 0.6 at- 
mosphere. With these exceptions, the maximum oxygen concentration 
that can be inhaled by man and other warm-blooded species indefinitely 
without harm Avas given as approximately 0.6 atmosphere by Barach,*^ 
Boycott and Oakley,®” Binet e( Behnke and Shaw,”® Becker-Freysang 
and Clamann”^ and Trusler and Meiks.*®® 

Recently developed methods have made possible the use of oxygen at 
nearly 1 atmosphere for certain purposes, as described for example by 
Boothby^® and Boothby, Mayo and Lovelace.^^ Behnke ef al?^ described 
symptoms occurring in 0.96 atmosphere oxygen at various times up to 
about 4 hours, which they gave as the limit of safe exposure. The impor- 
tant observation of Marshall and Rosenfeld*”® was discussed above, that 
under certain conditions of respiratory depression by anesthetics, the 
administration of oxygen Avill further depress respiration. While Anthony” 
and Anthony and Beudenkopf*® describe a fall in the number of blood cells 
and hemoglobin produced by inhalation of approximately 1 atmosphere 
of oxygen for periods as short as 15 minutes, it is doubtful Avhether this 
can be considered a toxic effect, since it is reversible and Avas not reported 
as accompanied by symptoms. Fine, Hermanson and Frehling®” reported 
no toxic symptoms from the use of 0.95 atmosphere of o.xygen Avhen the 
patients were taken out of the tents at least | hour out of every 4 to 8 hours, 
Schwartz and Malikiosis*^” reported the sudden development of clonic 
spasms and collapse in subjects Avho were given 1 atmosphere of o.xygen 
following a period of breathing air at diminished pressure. Boothby^® 
concluded that oxygen at 1 atmosphere may be administered for 24 hours, 
and Boothby, Mayo and Lovelace^** reported the administration of 1 atmos- 
phere of oxygen to 800 patients Avith no evidence of the development of 
pulmonary irritation in less than 48 hours, and none in several days with 
intermittent administration. Whether in all cases these patients Avere 
inhaling 1 atmosphere of oxygen is uncertain since the report gives no 
analyses of circumambient oxygen. Furthermore, the important factor of 
intermittence for feeding, medication, and so forth Avas not included in the 
data. The authors recommend, in conclusion, that 1 atmosphere of 
oxygen may be given for 36 to 40 hours, but then must be reduced to 
0.6 atmosphere. Becker-Freysang and Clamann”^ felt no symptoms for 
24 hours in 0.9 atmosphere of oxygen. Behnke,”® on the other hand. 
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found that liealthy males show a slowing of the pulse rate and pallor in 
7 hours at 1 atmosphere, and beyond this time, an increase in respiratory 
depth with nausea and flushing. In a later paper, Behnke^® stated 
that 1 atmosphere can in most cases be inhaled for 17 hours without 
injury, although some subjects have complained of substernal distress in 
7 hours, and 1 subject developed an allergic response. Moody and How- 
ard,^® using an oxygen tent, observed, as previously mentioned, convulsions 
in a child, who spent 6 days intermittently in an atmosphere which, 
although not measured, was assumed to be in excess of 0.7 atmosphere of 
oxygen. The child, 2 years old, had pneumonia and had given a good 
response to sulfonamide therapy with the exception that cyanosis had 
persisted. The convulsions were relieved by removal from the tent, 
recurred on re-entrance, and were again relieved on removal. For this 
reason, and because of the absence of any other abnormal findings includ- 
ing fever, they were attributed to the oxygen. 

The conservative conclusion by the great majority of those experienced 
in oxygen therapy is that 0.6 atmosphere of oxygen is relatively safe for an 
indefinite period, and 1 atmosphere for about 24 hours, with due considera- 
tion for the factors discussed elsewhere. Ruff and Strughold, quoted by 
Becker-Freysang and Clamann,^^ described what they called the “para- 
doxical oxygen effect.” Subjects breathing oxygen at 1 atmosphere for a 
period of time, when transferred to air at somewhat diminished pressure, 
developed clonic spasms and collapse. This phenomenon has been ob- 
served in interceptor pilots who breathe oxygen at ground level for pur- 
poses of de-nitrogenation and then ascend quickly to high altitudes. 
It probably is not related to the problem of oxygen poisoning, but is 
perhaps explainable in the light of the observations of Watt, Dumke and 
Comroe,^®* discussed in the section on Respiratory Symptoms. 

Young animals appear to be relatively resistant to the toxic action of 
high pressures of oxygen.®^-^®^ For example. Smith, Bennett, Heim, Thom- 
son and DrinkeF®'' found that young rats were not so readily poisoned by 
exposures to 0.8 to 1 atmosphere of oxygen as were older ones, a fact which 
they were inclined to attribute to morphologic differences in pulmonary 
structure. This increased tolerance has also been observed in the human 
by Chappie.* Employing a special incubator®®" which permitted treat- 
ment without intermittence at oxygen pressures never less than 0.85 atmos- 
phere, he has treated premature infants weighing less than 3 lbs. for periods 
frequently as long as 3 weeks. During treatment the humidity is main- 
tained close to 100 %. Under these circumstances, he observed no poison- 
ous action of oxygen whatever, and is convinced that this form of oxygen 
therapy is of great value in this type of case. 

It has been suggested that part of the deleterious action of oxygen 
especially upon the lungs may be due to its dryness when administered. 
No papers discussing the possible relation of humidity to oxygen poisoning 
have been found. 

The few conflicting reports concerning adaptation are mentioned in the 
discussion of morphology and circulating blood, and allow only the con- 
clusion that if adaptation occurs, it is due to the protective action of pul- 
monary pathology, and possibly, as pointed out by Campbell.®® to the 
decrease in hemoglobin and red cells (®. supra). 

In connection rvith the use of oxygen at pressmes about 1 atmosphere, 

* Dr. Charles C. Chappie, of the Department of Pediatrics, University of Penn- 
sylvania, has courteously’' permitted us to quote his work in advance of its publication 
in this Journal. 
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for example in preliminary de-nitrogenation of divers, Belmke and Shaw“ 
have emphasized the importance of a thorough knowledge of tolerance 
levels. In view of the scattered nature and inconsistency of the observa- 
tions at higher pre.ssures, particularly in animals, the summary given in 
Table 1 of tolerance levels found by various investigators will serve as 
useful a purpose as an extended discussion of all the reports. As was 
pointed out earlier, the safe time limit can be seen to drop with increasing 
rapidity as the oxygen pressure is raised above 1 atmosphere. One e.xpla- 
nation for this phenomenon, which supposes a protective effect at low 
pressures by pulmonary pathology, is discussed in the section on 
Pathology. It can also be seen by inspection of the table that there is a 
marked variation in tolerance to oxygen among different species. Por 
example, while most mammalians have almost instantaneous convulsions 
at 5 atmospheres, Cleveland’s observations'^ on cold-blooded vertebrates 
show a markedly greater tolerance of these species. 


Table 1. — A Co.mpahison of the Levels of Oxygen Poisonous to Various 
Species, Fhoji Average Figures in the Literature 


Oxygen tension 

Animal 

Lethal time 

Asymptomatic 
time limit for 


(atmospheres) 

species 

(hrs.) 

man 

Reference numbers 

0.45 



7 days 

95, 143 

0.0 



Indefinite 

14, 27, 35, 41 

0.7 + 


. • • 

0 days 

49, 132, 166 

O.S 

Ralibit 

192 

. . 

14, 42 

0.S5 to 1 

Premature 


> 3 weeks 

Chappie (personal 

0.89 to 0.9 

iiifant.s 

Mou.se 

30 

24 hours 

communication) 
27, 140 


Dok 

120 

. » . 

130, 137 

0.95 to 0.90 

Rat 

144 


34, 57, 154 


Cat 

72 

. . . 

136, 137, 140 

0.99 to 1 

Dog 

Dog 

lOS 

48 

7 to 40 hr. 

28, 30, 34, 40, 47, 

2.0 

Mammalians 

4 

0.75 to 3 hr. 

130, 137, 140 
:14, 48, 90 

;lo 



0.50 to 2 

.34, 90, 109 

.3.5 

Frogs 

05 


73 


Salamanders 
and goldfish 

50 to 60 


73 

4.0 

Mammalians 

0.48 

0.20 to 0.70 

34, 90, 104 

5.0 

Mammalians 

0 to 2 


48, 96 

7.0 


(rats) 

0.10 

90 

8.0 

Rats 

6 


48 

9.0 


. . 

0.05 

109 

50 0 

Rats, mice, etc. 

0 
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One may conclude that the maximum non-deleterious dose of oxygen 
which can be used for indefinite periods appears to be 0.6 ^atmo.sphere, 
while for 1 atmosphere the time limit is 24 hours. Chappie s experience 
(v. supra) would appear to exclude premature infants from these limitations. 
The evidence is not sufficient to say that adaptation occurs to an impoi- 
tant degree. Tolerance to high oxygen decreases rapidly with increasing 
pressures above 1 atmosphere, and is in general lowest for mammalians 
and greatest for cold-blooded species. i • i 

Oxygen Aero-embolism From Rapid Decompression. There is a sole 
report in the literature: Hill,®'’ in experiments on toads, rats and guinea 
pigs, showed the formation of bubbles in the heart and other organs follow- 
ing rapid decompression from high pressures of pure oxygen, but the 
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pressures used were very high, namely, 15 to 20 atmospheres. It is prob- 
able that decompression from lower pressures (2 to 5 atmospheres) would 
not be accompanied by aero-embolism, because oxygen, unlike nitrogen, 
is rapidly used for metabolic purposes and therefore would most probably 
not persist, to form gas emboli. 

Isolated Surviving Tissue. The experimental work in this category is 
limited. Bert (ISTS)"*” reported that the oxygen uptake and CO 2 output 
of strips of beef muscle, when subjected to high oxygen, was diminished 
compared to controls. 

Most of our later knowledge of this phase of the subject is due to the 
excellent series of papers by Bean and his associates. Bean and Bohr-* 
found in the case of smooth muscle (duodenal and pyloric sphincter mus- 
cle of rabbits) subjected to 6 atmospheres of oxygen, a definite pattern of- 
low peristalsis and spasm similar to that produced by HCN but different 
from that by atropine. He concluded that this was owing to a direct 
action of oxygen upon the enzymatic systems of the tissues residting in 
low oxygen utilization, a condition which he called “hyperoxic anoxia.” 
The effect was reversible only after comparatively short exposure to rela- 
tively low pressures; no reversibility occurred after exposure to high 
pressures. With radial beef iris muscle. Bean and Bohr~ observed a 
decrease of tonus when the muscle was subjected to 4.8 atmospheres of 
oxygen. Controls in air at the same pressure were unaffected. Recovery 
of normal tone followed removal from the high pressure. Atropinization 
did not change the effect of high oxygen. , The authors concluded that the 
pupillary dilatation observed at high pressures of oxygen is not necessarily 
dependent on central nervous or hematogenous connections. Studying 
mammalian smooth muscle (rabbit duodenal strips) Bohr and Bean'*^ 
found a decrease of tonus after 2.5 hours at 6 atmospheres of oxygen. 
Reversal to normal occurred if the high oxygen period was relativel 5 ' 
short, but otherwise a periodic tonic spasm supervened. They stated that 
the action is not due to an epinephrine-like substance at the myoneural 
junction. Bohr and Bean'** studied the action of the isolated frog heart 
in 5 atmospheres of oxygen. They found an initial increase followed by a 
delayed slight decrease in the strength of the beat. Later there was a loss 
of automaticity, but irritability remained even after the beat had ceased. 
Recovery after decompression was observed if the experiment was termi- 
nated before the complete cessation of cardiac activity. 

The same authors,** using isolated striated muscle of the frog, found after 
exposure for 1.5 to 5 hours to oxygen at 5 atmospheres an initial increase 
of contraction followed, however, by a marked decrease in response to 
electrical stimulation of muscle or nerve compared to controls in air at 
elevated pressures. Usually no recovery was observed after 2 exposures. 
Their data led them to believe that the effect is mainly if not all upon the 
muscle rather than the nerve fiber or the myoneural junction. Hill and 
Macleod®® found that the thin sartorius muscle of the frog, after 1 hour 
exposure to 50 atmospheres of oxygen, showed a greatly diminished height 
of contraction and a prolonged latent period. The gastrocnemius muscle, 
however, appeared relatively little affected. 

Bean and Bohr,** in discussing the problem of oxygen poisoning, laid 
considerable stress upon the loss of the dual function of hemoglobin as the 
main cause of tissue dysfunction. They attributed to the “accumulated 
carbon dioxide and acidit}^ resulting from inadequate reduction of hemo- 
globin a more significant etiologic factor in the early signs and later events 
of oxygen poisoning” than the “direct” toxic action of high oxygen upon 
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the enzjrae systems involved in metabolic processes. This aspect of the 
subject is discussed more fully later. 

Hill and Macleod^® observed that a frog’s heart continued to beat after 
1 hour’s ex^Josure to an oxygen pressure of 50 atmospheres. Cold-blooded 
animals are kno-\vn to be relatively resistant to oxygen poisoning, neverthe- 
less this is an extraordinarily’^ high pressure of oxygen to be survived by 
tissues. 

Burrows®^ found in the case of tissues from chick embryos that the rate 
of growth is slightly more rapid in an atmosphere of pure oxygen, but the 
total growth is no greater than at lower partial pressures. He did not 
study the effect of pressures greater than 1 atmosphere. 

Summarizing the only evidence available on isolated surHHng tissue, 
it shows a distinct decrease in the function of smooth and striated muscle, 
but no apparent effect on myoneural junctions. Other tissues have not 
yet been sufficiently studied to Avarrant a conclusion. 

Neoplasia. A brief chapter on this subjeet has accumulated in the 
literature. Fischer and Andersen®^ reported that under increased oxygen 
pressure sarcoma cells ivere killed more quickly than normal tissue cells 
in artificial culture media. Their data, however, are, not conA’incing. 
Later, Andersen and Demuth,® experimenting on 500 mice, reported that 
in some animals pre-treated intraA’^enously AA’ith copper or selenium (haA’ing 
tumor affinity and possibly catalytic action) and kept in 1.5 to 2 atmos- 
pheres of oxygen for 24 hours, transplanted careinomata could be made to 
disappear completely. Oxygen or the metal alone did not giA’^e the effect. 
Occasionally permanent recoA’^ery folloAved', but in most cases the tumor 
reappeared from incompletely necrotized tissue. Still later, Fischer and 
Andersen®® again found Avith transplanted tumor in mice that treatment 
for 24 hours Avith 1 atmosphere of oxygen resulted in the disappearance 
of the tumor. Better results Avere obtained when the oxygen treatment 
was combined Avith copper or selenium injections. HoAA’CA’er, these results 
Avere obtained only if the treatment Avas given during the first AA’eek after 
the transplantation and they surmised that similar therapeutic success is 
doubtful in the case of humans. De Almeida,’® using starved rats to 
increase oxygen resistance, found that sarcoma (fusiform cell type of 
Buffo) could be made to disappear folloAA'ing treatment AA’ith oxygen at 
1 to 8 atmospheres for 24 hours to 20 minutes. His best results were 
obtained with 6 atmospheres of oxygen for 2 hours. The tumors Avere 
completely destroyed by a single treatment; 10 days later they Avere red, 
impregnated Avith blood, and microscopically none of the tumor tissue 
Avas preserved. De Almeida expressed intentions of building a chamber 
for the treatment of human cases to be reported on later. We haA’e been 
unable to find further reference to such Avork. Campbell®® subjected 
de Almeida’s work to close scrutiny. Using Bashford’s mouse carcinoma 
(No. 63), Twort’s mouse tiunor, or Walker rat tumor, he Avas unable to 
demonstrate any effect upon the histology after treatment of the animals 
Avith 4 to 5 atmospheres of oxygen for 1 hour. Nor was any effect found 
on spontaneous mouse mammary carcinoma. 

The possibility, then, that high oxygen pressures might differentially 
injure or kill malignant cells either in culture or m situ remains unsettled 
in view of these interesting but conflicting reports. 

Plants and Microorganisms. Scattered observations indicate a toxic 
action of high oxygen pressure upon forms of life other than mammalian. 
Bean,’®'®® for example, obserA’ed that the growth of pneumococcus is a 
function of the oxygen pressure, being maximum at about 1.2 atmospheres 
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and then declining, to cease at a pressure of about 2 atmospheres. The 
organisms could be killed by exposirres to 5.8 atmospheres for 1 to 2 hours. 

Boothby^® discussed the possibility of the bactericidal action of oxygen 
at 1 atmosphere in cases of gas gangrene and tetanus. 

Karsner, Brittingham and Richardson^^ found that the growth of most 
of the common pathogenic bacteria is inhibited by 1 atmosphere of oxygen. 
The pneumococcus was an exception. 

Novy and Soule, studying the tubercle bacillus, observed excellent 
growth at 0.4 to 0.5 atmosphere of oxygen but reported definite inhibition 
at 0.8 to 1 atmosphere. 

Rahn and Richardson^'*- studied the growth of Strcptococms lactious, 
Pseudomonas flvorescens and Bacillus subtilis under high oxygen pressures. 
The first was greatly inhibited by oxygen at 1 atmosphere. The others 
were uninfluenced. 

Thaysen*®^ reported that the growth of a number of common organisms 
was greatly retarded at 10 atmospheres of oxygen. The effect was de- 
pendent upon the temperature, being lethal if the temperature was raised 
slightly above the optimum for growth. This observation is similar to 
those on higher organisms, discussed elsewhere. 

Massart*^® reported that the respiration of yeast was decreased by 
exposures to 3 to 5 atmospheres for short periods of time (15 to 60 minutes). 
He attributed this to a partially irreversible oxidation of cytochrome which 
in the oxidized state, he assumed, is without respiratory function. • Albaum, 
Kaiser, and Eichel® showed that oat grains soaked for 24 to 48 hours in 
water saturated with oxygen at 1 atmosphere manifested inhibited growth. 
Albaum, Donelly and Korkes® found a similar effect with oat seedlings 
associated with a lowered catalase and endogenous dehydrogenase activity. 
Cleveland,^® in an interesting paper, reported that intestinal protozoa 
infesting termites, earthworms, cockroaches, frogs, salamanders and gold- 
fish, were killed in situ by 3.5 atmospheres of oxygen without injury to the 
hosts. However, intestinal trichomonas of rats or man were not killed 
in vitro by such pressures. 

Summarizing the evidence on microorganisms, high oxygen causes toxic 
effects which are similarly enhanced by elevated temperature, upon them 
as upon vertebrates. 

Dual Function of Hemoglobin. The expected increase of saturation of 
arterial and particularly venous blood resulting from high oxygen pressure 
was first observed by Bert^® and confirmed in extensive studies on human 
subjects by Hill.®® Increase of physically dissolved oxygen as well was 
demonstrated by Wolff and Lennox**'® in cats at about 1 atmosphere, and 
by Behnke ct al., whose experiments are fully discussed below. 

One hypothesis explaining the toxic effect of excess oxygen in the 
intact mammalian organism resulting from these observations, and first 
proposed by Gesell,®®-®® postulates that part of the “dual function” of 
hemoglobin is lost owing to the fact that blood oxygen in physical solution 
is sufficient in whole or in part for metabolic needs; hence little or none is 
supplied by reduction of the hemoglobin. The mechanism by which this 
loss produces its effects is illustrated by Figure 1. This shows the relation 
between the total CO 2 , the pH, and PcOi of the whole blood. The arterial 
point. A, is on the totally oxygenated line, and the blood (the subject 
breathing air) contains 50 vol. % of CO 2 , the pH = 7.400 and the PcOi 
is 40 mm. Hg. (Assume for simplicity that the blood is 100% saturated 
and contains hemoglobin equivalent to 20 vols. % of oxygen.) The venous 
point is derived thus: in the normal subject at rest, the mean CO 2 content 
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of venous blood is 55 vols. %, approximately 5 vols. % greater than the 
COi of arterial blood. If the respiratory quotient is average, i. c., O.S, 
there will be 5/0.8 = 6.2 vols. of oxygen consumed per 100 cc. of blood! 
The blood will then be 69% saturated, and the CO 2 -PH line of the whole 
blood will be that indicated by the dashed line intermediate between the 
fully oxygenated and fully reduced lines. Hence the venous point will be 


Total CO^, Whole Blood, 
VOLQ. % 



solution. 


at F. The pH and Pco^ will then be 7.395 and 44.7 mm. Hg respectively 
By reduction of the hemoglobin, 4.73 vols. % of CO 2 (95 % of the total) 
are taken up vdthout any change in pH, while only 0.27 vols. % (^ % ^ 
the total) are taken up by the pure buffer action of the blood. The pH 
change is thus very small, i. e., only 0.005 pH. The situation is quite 
different if the subject is breathing oxygen under increased pressure. 
For example, the solubility of oxygen in water is 2.4 vols. % per atmosphere 
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and hence (neglecting the diminished solubility in blood since the calcula- 
tions are approximate and illustrative only) at 6.2/2.4 = 2.6 atmospheres 
oxygen pressure the oxygen in physical solution alone would be sufficient 
to take care of the metabolic needs. There would be no reduction of the 
hemoglobin whatever and the line showing the relation between total CO 2 
and pH of the venous blood would be the fully oxygenated one. The ven- 
ous point would then be at V and the pH and the PCO 2 would be 7.317 
and 56.4 mm. Hg respectively. The elimination, owing to the presence 
of sufficient physically dissolved oxygen for metabolic needs, of this impor- 
tant function of hemoglobin, namely, release of base upon reduction, 
increases the changes of the pH by 0.078 and of PcOj by 11.7 mm. Hg 
beyond those occurring normally. The increased metabolism of exercise 
does not affect the above conclusions. For it is easy to show, on physico- 
chemical grounds only, that when the CO 2 output and oxygen uptake 
increase pari 'passu the calculated values of pH and PCO 2 of the venous 
blood are essentially those given for the basal state. 

If this mechanism is the sole one operating when oxygen at high pres- 
sures (>2.6 atmospheres) is inhaled, we would expect to find a decrease 
below the normal venous pH of about 0.08, and an increased venous 
partial pressure of CO 2 of about 12 mm. Hg. Bean,^® using the manganese 
dioxide electrode, was successful in measuring such changes of pH of blood 
in dogs breathing oxygen at elevated pressures, the venous blood being 
arterial in color. No PcOj values were reported. Bean, in agreement 
with Gesell, attributed considerable significance to these changes. Camp- 
bell has reported extensive observations on the partial pressure of CO 2 in 
the tissues of animals breathing air, and oxygen under high pressures. 
He injected bubbles of air or nitrogen into tissues or into the peritoneal 
cavity and after sufficient time had elapsed for equilibration with tissue 
CO 2 , removed the gas for analysis. He found quite consistently, compared 
to normal conditions, that under high oxygen tensions the partial pressure 
of the CO 2 in tissue was elevated by 15 to 20 %. This led him to conclude 
that a major effect of oxygen poisoning is a “retention” of free carbon 
dioxide by the tissues. Paine, Lynn and Keys,*®’’ on the other hand, 
studying the gases in artificially obstructed intestinal loops of dogs in 
1 atmosphere of oxygen, found no changes in the carbon dioxide levels 
from those formd in similar animals breathing air, although the oxygen 
tensions rose as was anticipated. These observations are suggestive, but 
the critical experiment to test Gesell’s hypothesis requires determination 
by the glass electrode of the actual pH, the analysis of the arterial and 
venous blood for total CO 2 , and the calculation from these data of the 
PcO: of the venous and arterial blood under conditions of high oxygen 
pressure. 

Behnke et al.^ have approached this ideal experiment so closely that 
their observations may be accepted with confidence. Arterial and venous 
blood from dogs under high oxygen pressures was analyzed for total CO 2 . 
Samples of the same blood were then equilibrated with known pressures 
of CO 2 and the total CO 2 content determined. From these data the 
authors constructed log CO 2 — log PcO: lines according to the method 
of Peters,*®® and by interpolation determined the PcO: of the original 
arterial or venous samples. The pH values could then be calculated by 
the use of the familiar Henderson-Hasselbach equation. Although indi- 
rect, this method of calculation rests upon a sound basis. Behnke reports 
the following findings in the case of 9 dogs breathing o.xygen at about 
3.8 atmospheres: 
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1. In all cases the venous oxygen content was equal to or greater than 
the oxygen capacity indicating that the entire metabolic oxygen was 
supplied by physieally dissolved oxj'gen. That is to say, there was no 
reduetion of the hemoglobin and the mechanism under eonsideration was 
operative. 

2. The arterial PcOi was either the same (7 observations) or slightly 
lower than when breathing air. This is proof that carbon dioxide transport 
is not interfered with. 

3. The venous Pco^ was signihcantly higher than the controls breathing 
air by an amount averaging 6.5 mm. Hg greater than the controls. 

4. The pH of the arterial blood was unchanged whereas that of the 
venous was less but by a small amount averaging about 0.03 unit. 

Behnke concluded from these data that this unique form of CO 2 acidosis 
expected on physico-chemical grounds does occur but that it is slight, 
and he dismisses this loss of the dual function of hemoglobin from consid- 
eration as a causal factor in oxygen poisoning. 

The reasons given by Behnke (somewhat extended by the authors) are: 

(1) the familiar .symptoms of CO 2 acidosis do not resemble remotely those 
of oxygen poisoning; (2) the changes observed are slight; (3) according to 
the theory maximal o.xygen poisoning should be reached at 2.6 atmos- 
pheres, since at this pressure the dual function is completely lost. But 
Behnke emphasized that oxygen poisoning frequently does not develop 
promptly at pressures of 3 to 4 atmospheres despite this complete loss. 
Only 2 out of 9 of his dogs had convulsions even when the hemoglobin of 
the venous blood was completely satimated. Moreover, Behnke and 
others have reported that at higher pressures (4 to 6 atmospheres) toxic 
symptoms are severer and occur sooner than at lower pressures (see section 
on Tolerance). 

One may conclude from the evidence at hand that the changes in the 
blood expected on physico-chemical grounds do occur when excess oxygen 
is inhaled, but that they play little or no role in the picture of oxygen 
poisoning. 

Enzymatic Systems, The conviction is growing that the action of oxy- 
gen is upon the enzyme systems of cells resulting in reversible or irreversible 
changes such that serious impairment of essential cellular metabolic func- 
tions results. The idea goes back at least to Paul Bert’s time: Although 
he found that pressimes of oxygen up to 15 atmospheres had no_ influence 
upon the activity of such enzymes as salivary diastase, pepsin, invertase, 
emulsin and myrosinase, he did show that a strip of beef muscle suspended 
in oxygen at similar pressures showed diminished oxj'gen and CO 2 metab- 
olism compared to controls under normal conditions. He also found that 
putrefaction was delayed or inhibited by high oxygen pressures. 

The literature on the action of high oxygen upon enzymes may for con- 
venience be discussed in two parts: (1) scattered, relatively non-systema- 
tized observations showing the effect of oxygen upon sundry enzymes; 

(2) more or less systematized studies upon one enzyme forming the basis of 
an hypothesis explaining oxygen poisoning. These latter are discussed in 
connection with the hypotheses proposed. 

The enumeration of the scattered studies follows : 

Confirming Bert’s observation on enzymatic autolysis are the studies 
of Bailey et and also Laquer.”^ McCance,^^-''’® however, found that 
the effect of aerobic autolysis was mainly upon urea formation which was 
diminished under oxygen. Meyer*®^ showed that the ability of mouse 
brain homogenates to oxidize guaiacum in the presence of hydrogen per- 
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oxide was greatly diminished by a preliminary exposure to 4 atmospheres 
of oxygen for 4 hours. Shapiro and Wertheimer^®® reported that fatty 
acid dehydrogenase demonstrated by the Thunberg technique in rat 
tissue is peculiarly susceptible to short exposures to oxygen. Marks/^’^®'* 
and Marks and Fox^® found that the catalase activity of extracts from 
marine animals and plants compared to anaerobic controls is significantly 
diminished by prolonged exposure (1 to 2 days) to air or oxygen. How- 
ever, oxygen inactivation of catalase is very slow (20 days for complete 
inactivation at 25° C.). 

One difficulty in interpreting the effects of oxygen upon enzymes is 
illustrated in the case of arginase and urease. Both of these enzymes in 
impure preparations are inactivated with more or less rapidity by exposure 
to oxygen, but when purified the inhibiting action is much 
In purification, the removal of catalytic amounts of heavy metals— which 
may catalyze the oxidative inactivation of enzymes— must be borne in 
mind as a possible cause for their increased resistance. 

Gale®^ found that formic dehj^drogenase from B. coli was inactivated by 
oxygen. The inactivation was shown not to be due to the production of 
H 2 O 2 , oxalic acid or formaldehyde. 

Lehman^^® studied the effect of oxygen pressures and pH upon succino- 
oxidase activity. In general maximum acti\aty was found at compara- 
tively very low oxygen tension, varying somewhat with pH but averaging 
49 to 50 mm. Hg. At higher tensions the activity decreased. Bohr and 
Beaffi® found that preliminary exposure of suecino-oxidase from pig heart 
to oxygen at 5 to 7 atmospheres decreased the subsequently measured 
activity (as measured by the Thunberg method) from 10 to 50%. No 
restoration of activity occurred after standing in air. In connection with 
these examples of the inactivating action of oxygen upon enzymes, atten- 
tion is called to the point made by Brooks®^ that oxygen may be both 
inhibitor and reactor; in certain inorganic as well as biochemical reactions 
it is known to play this dual r61e. 

In the following discussion of hypotheses of the toxic effect of oxygen 
upon enzymatic action, the names given to the hypotheses are those of 
the Reviewers. In most cases the original work was not done as a primary 
study of oxygen poisoning. The Reviervers have placed their o^vn inter- 
pretation upon the experimental data, but have been careful to distinguish 
in their discussion their o^vn from the original authors’ opinions. 

The “ Active Oxygen” Hypothesis. Libbrecht and Massart^^^ reported 
studies on succino-dehydrogenase. They constructed a pressure chamber 
to contain a manometric apparatus of the Warburg type. Small motors 
in the pressure chamber controlled from the outside manipulated the 
apparatus. To prevent burning out of the motors, the chamber was 
filled with air or nitrogen at high pressure, but the respiratory vessels 
proper, being connected to small balloons containing oxygen, were filled 
at high pressmes (5 atmospheres) upon elevation of the pressure in the 
chamber. In the case of a freshly prepared succino-oxidase system, the 
authors found that 5 atmospheres of oxygen completely stopped oxygen 
uptake in the presence of succinate. That the true dehydrogenase acti\dty 
was blocked was shovm by the fact that the further addition of methylene 
blue did not restore oxygen uptake. However, aged preparations, or 
those treated Mth cyanide to inactivate the cytochrome oxidase system, 
were unaffected by high oxygen pressure since with succinate such prepara- 
tions took up oxygen actively provided methylene blue was added to 
replace the lost cytochrome system as oxygen acceptor. From these 
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observations, Libbrecht and Massart concluded that molecular oxygen 
•per sc is non-toxic but that the cytochrome oxidase system together with 
high oxygen inactivates irreversibly the succino-dehydrogenase by “I’oxy- 
gene actif.” The term ‘Toxygene actif” is too ^-ague a conception for 
current acceptance. Perhaps the hypothesis could be re-framed b^-^ stating 
that^ the cytochrome system together with oxygen at high pressures 
oxidizes the succino-dehydrogenase to an inactive form. This unique 
hypothesis of o.xygen poisoning receives no support from the experimental 
work of Stadie and associates.’^ 

Hypothesis of Rcecrsiblc Oxidation of Fcrrohcmochromogcns. This well- 
substantiated and interesting hj'pothesis of oxygen poisoning centers 
around the enzyme, hydrogenase. 

Hydrogenase catalyzes the exchange reactions: 

iH: = H+ + E 
2 H; + Oj = 2H2O 
H; + CO; = HCOOH 
H; + X = H;X 

It is present in a variety of bacteria and algie, but not in mammalian 
tissue. Stephenson and Stickland,’®' who first described the enzyme, 
observed that it was inactivated by molecular o.xygen, as did Wieland and 
Pistor,’®® Claren,"’ and Gaffron.“ Wilson, Lee and Wilson’"’ studying the 
hydrogenase activity of azotobacter revealed a miniature picture of the 
oxygen problem in mammals. As the o.xygen tension rose from low levels 
the activity of the hydrogenase system increased rapidly since oxj'gen 
was playing the essential role of reactant. But an optimal oxygen tension 
was soon attained beyond which a toxnc zone was reached wherein activity" 
diminished and finally ceased. 

It is upon the interesting and important ex'periments of Hoberman and 
Rittenberg”'^ that the hypothesis under discussion is based. Using deute- 
rium to measure the activity of the hydrogenase from protons vulgaris they 
found that the inactivation by oxygen was completely reversible. Reversal 
could be brought about slowly by re-equilibration with deuterium, and 
rapidly by reducing agents (hydrosulfite), or Ijiologic agents such as glu- 
cose, p^Tuvate, succinate, formate, or fumarate. The authors concluded 
that hydrogenase is an iron hemochromogen which can exist in either the 
reduced or o.xidized state. O.xygen inactivation is due to the formation 
of inactive ferrihemochromogen ; reversal of inactivation is brought about 
by reduction to the active ferrohemochromogen; rapidly by reducing 
agents, and slowl;\" b^- deuterium. In further support of this conclusion 
is the fact that cyanide inactivates under aerobic but not under anaerobic 
conditions. This was attributed by the authors to the well-known fact, 
as in the case of peroxidase and catalase, that reduced iron hemochromo- 
gens do not combine with cyanide. This attractive and well-substantiated 
hjqjothesis of the mechanism of o.xygen inactivation of an enzyme cannot, 
however, explain all to.xic action of oxygen. It is even impossible to 
conclude that all iron or metallo-hemochromogens will react similarly, 
since in unpublished e.x'periments Stadie, Riggs and Haugaard’*” have 
foimd that catalase, a hemochromogen enzyme, is resistant to prolonged 
action of oxygen at high pressures. 

Hypothesis of Action of Oxygen upon Co-enzymes: Glyoxalase. This 
enzjmae catalyzes the dismutation of methyl glyoxal to lactic acid and is 
abundantly present in mammalian tissue. Reduced glutathione function- 
ing as a co-enzjTne is necessary for its action. Jowett and Quastel””’” 
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showed for the glyoxylase of human red cells and rat tissues a progi'essive 
inhibition of enzymatic activity in the presence of oxygen which they 
attributed to the formation of the inactive oxidized form of glutathione. 

T his appears to be the only known instance of an enzyme system 
inhibited by the action of oxygen upon the co-enzyme. However, the 
case of cysteine and carboxypeptidases studied by Irving, Fruton and 
Bergmann^®® (see infra under Formation of Enzyme Inhibitor by Molecular 
Oxygen for discussion) is also properly discussed here. Cysteine, according 
to these authors, forms a complex with the enzyme which thereupon 
acquires activity. The oxidation of the cysteine by molecular oxygen to 
cystine results in inactivation. 

Hypothesis of Inactivation by Oxidation of Activating Metal in Enzyme. 
This possibility is illustrated by the studies of Warburg and Christian on 
yeast zymohexase.^®^ The enzyme is an important one in carbohydrate 
metabolism since it catalyzes the splitting of hexose diphosphate into 2 
molecules of triose phosphate. The enzyme requires free reduced Fe, Cu, 
or Co for activation. The action of oxygen is through cysteine in the fol- 
lowing way: in the presence of a small amount of cysteine molecular 
oxygen oxidizes the metal, in which state it is no longer activating. In 
the case of zinc, which also activates the enzjone, but exists only in one 
valence state, oxygen and traces of cysteine are ■without influence. A 
second mechanism of inactivation by ej’^steine must be mentioned although 
not related to oxygen action; an excess of cysteine either anaerobically or 
aerobically inactivates because of complex formation removing the acti- 
vating metal. 

However, the possibility is remote that this particular mechanism of 
oxygen action on important carbohydrate metabolic processes is a factor 
in oxygen poisoning in mammalian organisms, since the zymohexase pre- 
pared from muscle is completely independent of metals for acti-vity and 
in consequence cysteine and oxygen are without influence upon its activity. 
However, as a prototype, similar oxygen-enzyme interaction may exist in 
mammalian tissue although the Re’viewers have found no references to such. 

Formation of Enzyme Inhibitor by Molecular Oxygen. An interesting 
form of oxygen inactivation is that discussed by Ir'ving, Fruton and Berg- 
mann^®’^ in the case of SAvine kidney and beef spleen carboxypeptidases. 
Experimentally they used the dipeptide carbobenzoxyglycylphenylalanine 
as substrate and studied its rate of hydrolysis. Cysteine is required for 
the activation of these enzymes. Oxygen may inactivate by oxidizing the 
cysteine to cystine which no longer activates {v. stiprd), similar to the 
case of glyoxalase. But another type of inactivation may result by the 
action of molecular oxygen, according to the authors. In the first case, 
if the enzjnne was preliminarily equilibrated in the presence of oxygen 
with cysteine before the addition of the substrate, a diminished but con- 
stant reaction rate was obtained. In the second case, if the preliminary 
equilibration period was omitted, the aerobic digestion began at almost 
as high a rate as the anaerobic digestion, but this rate diminished to the 
same low but constant rate as that observed in the first case. This inhibi- 
tion, the authors concluded, was not due to oxidation of cysteine, which 
was present in excess and remained essentially unchanged, but cysteine 
reacted in the course of the incubation ■vsdth an unkno'wn component of the 
crude swine kidney extract to form an inhibitor for the carboxypeptidase. 
Swine kidney pepsinase which requires no activator (i. e., cysteine) was 
not inactivated by oxygen. These experiments not only illustrate an 
interesting possible mechanism of oxygen inhibition of enzjTuatic systems. 
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but also show that a sulfhydryl activator such as cysteine may react in 
two ways with molecular oxygen to influence enzyme action : (1) by being 
itself oxidized and thus losing its function as an activator; and (2) by 
reacting together with precursors to produce enzyme inhibitors. 

Action of Oxygen^ Upon the Snlfhydryl Enzymes. Recently there has been 
a renewed interest in the so-called sulfhj’’dryl enzymes. These enz^nnes are 
assumed to be active or inactive depending upon the state of the sulfur 
as a constituent part of the enz^une molecule. Two possibilities are recog- 
nized: (1) The sulfur exists in the reduced or sulfhydryl form, designated 
commonly as EnSH. In most cases (insulin is an exception) the enz 3 'me 
is active in this state, hence the term, sulfhydryl enzjnnes. (2) The 
enzyme may contain the sulfur in the oxidized or dithio form, usually 
designated by the symbol EnS: SEn, in which condition (excepting insulin) 
the enzyme is inactive. The transformation of one state to another is in 
most cases reversible and may be brought about on the one hand bj' 
oxidizing agents such as porphyrindine, iodine, iodosobenzoate, oxidized 
glutathione, iodoacetamide, and so forth, or, on the other hand, by reduc- 
ing agents such as cysteine, reduced glutathione, thioglycollic acid, hydro- 
sulfite, HCN, H 2 S, etc. Reversible inactivation may also be brought about 
by the use of certain mercaptan reagents, viz.: cuprous oxide, mercurials 
such as chloromercuribenzoic acid, and organic arsenicals which presum- 
ably react with the — SH group producing mercaptides according to the 
equation: EnSH -f- X = EnSX. 

The possibility that oxj^gen at ordinary or high pressures acts as the 
oxidizing agent to produce enzjrmatic inhibitions by this mechanism is 
obviouslj^ re.al, and indeed there is experimental evidence in the case of 
succino-oxidase that such is the case. This hypothesis, therefore, becomes 
important in the discussion of the mechanisms of oxygen poisoning. 

For discussion of the literature on the sulfhydryl enzymes, reference is 
made to the review article of Hellerman®* and the recent articles of Barron 
and Singer'® and Potter and DuBois.'^' Only that portion which is perti- 
nent to the subject of oxygen poisoning Avill be discussed here. 

Hellerman®- reported that urease and arginase — two sulfhydryl enzymes 
— are inactivated by oxygen but the inactivating action of oxygen is less 
on the purified enzyme presumably because catalytic copper was removed. 
Since succino-dehydrogenase is the best studied enzj^me in relation to 
oxygen effects, a more extended discussion is in order. Hopkins and 
Morgan'®^ showed that succino-dehydrogenase, whose action is independent 
of a co-enzyme, is completely inactivated by the addition of oxidized 
glutathione. Upon further addition of reduced glutathione or cysteine, 
complete reactivation is observed. Hence, they concluded that suc- 
cino-dehydrogenase is a sulfhydryl enzyme and that activity is dependent 
upon the reduced form — EnSH. In later studies, Hopkins ct oZ.'®® made 
the important observation that malonic, fumaric and succinic acids pro- 
tected the enzyme from the oxidizing action of the glutathione. Potter and 
DuBois'^' studied in detail the mechanism.of the cataljffic action of succino- 
dehydrogenase. They agreed with Hopkins and Morgan that the action is 
dependent upon the presence of the — SH groups as constituent parts of the 
enzyme molecule. They picture the enzyme as being in an equilibrium 
state between oxidized and reduced form, viz.: EnSH EnS H. 

Alternate oxidation by the cytochrome oxidase system and reduction 
by substrate explains the mechanism for the oxidation of succinic acid. 
They further suppose that the active — SH groups are situated between 
two “affinity” points which combine with the two carbonyl groups of 



MEDICINE 


111 


the succinic acid to hold it for the duration of the action of the oxidative 
process. Malonic acid also combines with these two points and “covers” 
the active center — SH group, thus protecting it from the oxidative action 
of oxidized glutathione or other oxidizing agents. The inactivating action 
of high pressure oxygen upon succinodehydrogenase has already been dis- 
cussed. That the mechanism of inactivation is similar to that of gluta- 
thione is indicated by the fact that the oxygen inactivation is reversible 
in part by reduced glutathione, but more significantly by the fact that 
malonate protects completely.^^ 

Whether the inactivating action of high oxygen by this mechanism is a 
universal manifestation with sulfhj'dryl enzymes remains to be determined 
l)y further experimentation. 

Oxidation-reduction Potential of Environment on 'Enzyme Activity. That 
enzyme activity may be influenced by non-specific effects such as change 
of the oxidation-reduction potential of the medium is indicated in the 
recent work of Sizer and Tytell,'^ and Sizer.'^^ They altered the oxida- 
tion-reduction potential of their media by the use of a variety of poison- 
ing agents over a wide range and found that the activity of crystalline 
urease and yeast invertase was a continuous function of the potential. 
Urease showed a maximum activity at -{-0.15 volt; invertase showed a 
constant activity from —0.27 to -j-0.60 volt, above which it fell off sharply. 

Whether or not the oxidation-reduction potential of mammalian tissue 
can be altered by high pressures of oxygen is unknovm ; but the possibility 
that such a mechanism may be operative in oxygen poisoning is mentioned 
for the sake of completeness. 

Summarizing the data on enzymatic systems, the likelihood is increasing 
that the toxic action of high pressures of oxygen will be explained in the 
light of inhibitory actions on enzymes with resultant severe disturbances 
of essential metabolic cellular reaction. The e\ddence in the literature is 
scanty and non-systematized, but is sufficient to suggest the following 
possible modes of action of oxygen; (1) Oxidation of a co-enzyme to the 
inactive oxidized form. (2) Oxidizing activating sulfhydryl compound. 
(3) Oxidizing active — SH groups of enzyme molecule proper. (4) Oxi- 
dation of metallo-hemochromogen to inactive oxidized form. (5) Oxidiz- 
ing activating metal constituent. (6) Formation of inhibitor from pre- 
cursor other than the enzyme. (7) Inhibition of enzymatic activity by 
changing oxidation-reduction potentials of medium. 

Summary. The literature on the subject of oxygen poisoning is 
reviewed under the following headings: (1) Symptomatology, (2) Patho- 
logic Anatomy, (3) Blood, (4) Circulation and Peripheral Vessels, (5) 
Metabolism, (6) Blood Gas Equilibrium, (7) Influencing Factors, (8) 
Tolerance, Adaptation and O.xygen Therapy, (9) O.xygen Aero-embolism 
from Rapid Decompression, (10) Isolated SurN-iving Tissue, (11) Neoplasia, 
(12) Mcroorganisms, (13) Dual Function of Hemoglobin, and (14) 
Enz^TOatic Systems. 
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Recent literature in the field of war neurology has been largely devoted 
to the following topics: (1) head injuries, including those resulting from 
Iilast; (2) peripheral nerve injuries, including the subject of causalgia and 
related states; (3) meningococcic meningitis, which has recentlj^ risen to 
epidemic proportions in both military and civilian life; and (4) the use of 
the electroencephalogram as related to war. 

While subjects of spinal cord injury, heat stroke and tropical diseases 
involving the nervous system may properly be considered here, the paucity 
of recent contributions has not justified tbeir inclusion. Neither are sub- 
jects of neurologic interest in the sphere of aviation medicine included in 
this review. 

Head Injuries. Traumatic disorders of the head may be divided into 
two general groups, (a) closed injuries and (b) open injuries. According 
to Symonds®“ closed head injuries include all trauma without direct pene- 
tration of the dura. In this type of injury symptoms are usually those of 
generalized cerebral disturbance with signs of disordered mental function. 
Surgical intervention is seldom required except with delayed onset of 
neurologic, signs and increase in mental disability. Such manifestations 
are presumptive evidence of epidural or acute subdural hemorrhage and 
exploration through 4 burr holes in the skull is indicated, providing the 
patient’s general condition permits. Of the cases of closed head injury 
admitted to the hospital, 60 % returned to duty. The incidence of post- 
traumatic epilepsy is small when compared with penetrating wounds. 
Denny-Brown^i has also discussed the principles of treatment of closed 
head injuries. Concussion, contusion, and hemorrhage may occur either 
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independently or in combination. As a result, clinical manifestations are 
varied and difficulties in therapy are encountered. Indications for treat- 
ment are discussed as follows: (1) Rapid increase in coma or in signs 
following initial improvement is indicative of an extradural hemorrhage, 
and immediate surgical intervention is indicated. When retrogression is 
slow, acute subdural hemorrhage or subdural hygroma is a likely possi- 
bility. According to Denny-Brown, the results of surgery in these latter 
conditions are poor. Conservative management is usually indicated, as 
the subdural hemorrhage of hygroma is frequently of secondary impor- 
tance to concussion of the brain. Increase in psychomotor activity is 
rarely observed when a compressing mass is of significant size. (2) An 
increase in spinal fluid pressure accompanied by deepening coma is an 
indication for exploration. However, a moderate increase in pressure 
without an increase in the depth of coma is of no especial significance. 
Denny-Brown believes that increase in pressure is most frequently due to 
impaired venous drainage, not cerebral edema. (3) In the group of 
patients in which symptoms and signs decrease, increased pressure and 
localizing signs are absent and the electroencephalogram contains diffusely 
abnormail}’- slow activity, siu-gical intervention is not indicated. 

In cases of cerebral concussion, supportive measures, rest and the use 
of oxygen will usually lead to recovery.^® In the unconscious patient the 
importance of keeping the respiratory passages open cannot be minimized. 
He should be placed on his side or even on his abdomen with the head 
turned toward one side, thus insuring easy breathing and the escape of 
saliva. Mock and Mock-"* advocate the transportation of these patients 
in the prone position; suction apparatus should be available. Dependent 
drainage is of help in some patients, according to Peet.^'* Utilizing animal 
experimentation, FaulkneP'^ points out that in cases of head injury vnth 
bleeding from the mouth and nose, respiratory difficulties may be the 
result of blood entering the trachea and lungs rather than due to involve- 
ment of the respiratorj" center as is commonly assumed. Morphine is 
avoided by most observers because of its depressing effect on the respira- 
tory center and its tendency to increase intracranial pressure.^'* Hor- 
rax,-^ however, states that small doses may be given preoperatively if the 
patient is not unconscious or extremely drowsy. Mock and Mock^^ believe 
that all tjqies of disturbing influences should be avoided during the first 
6 hours, which is the most critical period. These include suturing of 
wounds, oversedation, the use of antitetanus serum or even transferring 
the patient to a better room. The patient should be placed between 
blankets, heat applied and oxygen given as indicated. 

The use of dehydration and spinal drainage in cases of head injury 
associated with increased spinal fluid pressure is still a controversial sub- 
ject. Denny-Bromi,“ for instance, maintains that dehydration is gener- 
ally of no benefit and may be of harm. Mock and Mock have surveyed 
the management of 6544 consecutive cases of head injury throughout this 
country and feel that the moderate use of'dehydration and spinal drainage 
have proved themselves to be of value. Symonds®® advocates the use of 
lumbar puncture as a guide to therapy. If the pressure is 250 mm. or 
more, withdrawal of fluid is indicated. When headaches associated with 
increased pressure are not alleviated by raising the head, hypertonic solu- 
tions by mouth or rectum may be employed. Rowbotham®'' feels that 
the determination of the spinal fluid pressure and the presence of sub- 
arachnoid bleeding by means of lumbar puncture is important in the 
management of the acute brain injur 3 ". Lumbar puncture should be per- 
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formed after 12 hours and fluid removed until the pressure readies 50 mm. 
of water. If the initial pressure is high, the pressure should be repeated 
as often as every 4 hours. Rowbotham advoeates the moderate use of 
50 % sucrose solution and magnesium sulfate enemas as dehydrating agents. 
Spinal drainage without dehydration is used when subarachnoid bleeding 
has occurred. Rogers-'’ prefers the use of magnesium sulfate rectally 
rather than intravenous methods. Magnesium sulfate should not be 
employed intravenously. Turner®’ reports success with the use of con- 
centrated serum as a dehydrating agent. 

Cairns and Holbourn'^ describe the advantages of the use of crash 
helmets by motorcyclists. Head injuries have occurred in 41 % of a series 
of motorcycle accidents. The crash helmet, made of either vulcanized 
rubber or preferably compressed wood pulp, tends to spread the blow 
over a wide area and prevent lacerations, fractures and brain contusions. 
It also spreads the blow over a longer period of time, thus diminishing the 
rate of deceleration of the brain. 

Horra.x'-” divides head injuries with penetration of the dura into: (1) 
gutter Avounds, in which the missile has made a furroAV through the scalj) 
and caused fragments of lione, hair and clothing to penetrate into the brain ; 

(2) simple penetrating wounds, which also carry debris into the brain; 

(3) penetrating wounds from multiple, usually small, fragments which are 
especially common in this war; (4) perforating injuries, Avith debris scat- 
tered along the track; and (5) injuries inAmlving air sinuses. In the first 
2 types contaminated scalp and contused brain are removed. A soft 
rubber catheter is inserted into the track in order to locate fragments. 
The area is cleaned by suction. Experience in this AA^ar has shoAvn that 
multiple, small penetrating fragments are l)est left alone. Perforating or 
through-and-through injuries are usually fatal. In surAUvors, there is 
usually little to do. ^ Limited debridement may l)e indicated, and accessible 
bone fragments should be remoA’^ed. Injuries inA'ohdng air sinuses are 
especially serious because of the continued source for infection. Closure 
of the dura is imperative aaIicu possible. If this is not possible, muscle 
implants or gauze packs may be used. 

E.xperience has shoAvn that innocent-looking penetrating scalp Avounds 
are potentially dangerous and require carefid attention. Botterell and 
Jefferson® state that one-quarter of the air raid casualties admitted to Jin 
English hospital had scalp AA^ounds. Blood Avas found in the spinal fluid 
in one-fifth of the cases of AA'ounds apparently confined to the scalp. Emer- 
gency treatment, according to Craig,’® should consist of shaAung the scalp, 
cleansing the Avound AAuth a minimum of manipulation, introduction of 
sulfanilamide poAvder and application of a sterile dressing. Extensive 
operatiA^e procedures should be delayed until adequate facilities are UA^ail- 
able, a neurologic examination has been made and Roentgen rays of the 
skull taken. With the use of sulfonamides, AA'ound closure may be delayed 
from 24 to 48 hours. 

Miller,®® citing his experiences in this AA’^ar, strongly condemns the failure 
to perform primary suture of head AA'ounds. The open treatment is fre- 
quently folloAA^ed by intradural infection and should be used only in cases 
of long standing Avith obAuous infection. In some cases uncomplicated 
healing is obtained AAath AA'^ounds older than 48 hours. He advocates the 
transfer of patients AAuth head injury to a center AA'here competent care is 
available. Bone or metal fragments that cannot be found and sucked out 
Avithout the use of Roentgen rays should be left alone. Because of this he 
states that Roentgen rays are not always essential prior to the operation. 
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Cloward,® treating the first American casualties of this war in Hawaii, 
notes that nearly all head injuries were associated with compound de- 
pressed fractures of the skull. These were caused by sharp, irregular shell 
fragments apparently traveling at high rates of speed; as a result many of 
them penetrated into the brain substance. Cloward points out that most 
of the patients with penetrating wounds did not lose consciousness. This 
tends to confirm the experimental studies of Denny-Brown and Russelfi^ 
on concussion. They have shown that the movement of the brain must 
be accelerated at least 28 feet per second in order to produce unconscious- 
ness. Cloward expresses the belief that small fragments enter the skull at 
such a high rate of speed that generalized acceleration of the brain is not 
produced. As Kennedy^^ has also noted, when consciousness is lost as a 
result of this type of trauma it is by reason of damage to extensive areas 
of brain and not merely the result of concussion. The prognosis in uncon- 
scious patients with penetrating head injuries is therefore poor. Among 
the patients so injured in Hawaii, all of those admitted to the hospital died 
within a few minutes to 12 hours. Cloward mentions a few important 
points upon which most authors agree in the treatment of penetrating 
wounds of the head: “ 1. The optimum time to operate is within 6 horns 
after the injury, but wounds which have gone untreated as long as 48 hours 
should be treated as fresh wounds and closed without drains, -unless there is 
an obvious infection. After 48 hours the wound is treated as a brain 
abscess with open drainage. 2. All metallic foreign bodies should be 
removed as soon as possible, because they lead to secondary abscess and 
epilepsy. 3. The defect in the dura mater should be closed completely in 
clean wounds with fascia or periosteal grafts, 4. Generous use of sulfanil- 
amide not only in the scalp and skull wound but in the missile tract in the 
brain is recommended. Sulfanilamide is preferred because it has been 
found to be much more rapidly absorbed into the blood stream from an 
open woimd than any of the other sulfonamide drugs.” 

Munro^® emphasizes that operation should not be performed unless the 
general condition is satisfactory. Treatment for shock is begun imme- 
diately and debridement is delayed -until such treatment is effective. 
Munro condemns shaving and washing the wound until the patient is 
ready for operation. Diagnosis is made by palpation through the wound. 
The wound is then covered with a sterile gauze dressing and further 
manipulation is avoided until the patient is ready for operation. Complete 
debridement should be performed within 48 hours after the injury or else 
should be delayed for 6 to 8 months. Suction rather than irrigation is the 
most effective method of woimd cleansing; irrigation tends to spread 
infection. Drainage is not necessary in any wound in which debridement 
has been properly performed. While Munro recommends the use of sulfon- 
amides, he believes that they should be used only as an adjunct to proper 
surgical treatment. Bone or metal fragments lodged in the brain should 
be removed if accessible. However, if removal necessitates fm’ther damage 
to normal brain, non-interference is the best policy. Electromagnets have 
been utilized in the removal of metal.® Money and Nelson®® feel that it 
is more important to remove bone fragments and inorganic debris than 
metallic foreign bodies. The dura mater should be closed in order to 
prevent the development of herniation of the brain, cerebrospinal fluid 
fistula or aerocele. Dural defects may be repaired by use of a periosteum 
patch obtained from the overlying skull.® 

The mortality rate of 60 % in cases of head injur^”^ during the early stages 
of the first World War, which was later cut in half by Cushing’s improve- 
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ments in surgical technique, is evidently becoming even smaller in the 
present war. This is largely made possible by the local and systemic 
employment of the sulfonamides. Carmod}’-,® for instance, reports that 
all of 12 patients with major gunshot wounds of the head recovered in spite 
of the fact that 10 of them had severe infections on admission to the 
hospital. This recovery is attributed in large measure to the local appli- 
cation of sulfanilamide powder supplemented with parenteral sulfadiazine. 
Watt and Alexander,®® however, report the frequent occurrence of general- 
ized or focal epileptic seizures following the local application of sulfathia- 
zole to the brain. The local use of this particular drug is therefore contra- 
indicated. No such complications have been encountered with sulfanil- 
amide, sulfapyridine or sulfadiazine. 

A variety of substances have been utilized in the repair of bony defects 
in the skull. Bone grafts have been preferred, but various types of metal 
plates, eelluloid and cartilage have been used. Objections have been raised 
to all of them. The discovery by Venable and Stuck that vitallium, an 
alloj’^ of cobalt, chromium and molybdenum, produces no tissue reaction 
and has tremendous tensile strength has been utilized by Geib'^ and Beck.® 
Geib reports the use of vitallium in the repair of skull defeets using casts 
of metal previously designed to fit the defect. Beck has modified the pro- 
cedure by employing stock plates that can be used without preliminary 
casting. More recently Pudenz-® and Fulchar'® have reported the use of 
tantalum. This metal is said to be non-irritating, easily malleable, inelas- 
tic, usable as extremely thin plates, and non-absorbable. 

Blast Injuries. The effects of blast on the organism are profound. 
These are mainly in the lungs and, particularly in the case of immersion 
blast, the gastro-intestinal tract. There are, however, relati^'ely few 
reports on the effects of blast on the central nervous system. Most 
observers have felt that such effects are not eonspicuous and are of secon- 
dary importance to those in the chest and abdominal cavity.'® AscrofP 
describes numerous petechial hemorrhages in the cerebral cortex of a 
person dying from the nearby explosion of a hand grenade. Zuckermann 
finds that intracranial hemorrhages are confined to the pia and the tela 
choroidea in experimental animals subjected to blast. 

Anderson® has discussed the psychiatric disturbances found in S persons 
exposed to the detonation of high explosive bombs. He e.xpressed the 
belief that impairment was due to structural changes in the brain, but 
that constitutional or psychogenic factors may have coexisted and deserve 
consideration in the plan of therapy. In general, periods of unconseious- 
ness following the blast were absent or mild. Impairment of memory was 
the most characteristic feature. Lack of concentration, forgetfulness, 
lability of affeet, apathy, transient aphasia, depression and dementia were 
noted. 

Abbott, Due and Nosik' have observed 10 cases of subdural hematoma 
or subdural effusion of spinal fluid following blast injury. The patients 
present a history of exposure to severe concussion, loss of consciousness 
for a period varying from a few minutes to several days, persistent head- 
aches, memory loss and irritability. Neurologic signs are not conspicous. 
“The most pronounced symptoms are persistent headaches, usually gen- 
eralized (increased on exertion and often nocturnal), a history of corna, 
syncope or convulsions which did not exist prior to the blast, and a definite 
departure from a stable personality.” When the lesion is suspected, pneu- 
moencephalography is indicated. “If a hematoma or effusion is present 
in the subdural space, a characteristic filling defect is observed over the 
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cerebrum with an occasional distortion of the ventricular system.” The 
total protein of the spinal fluid may be increased. Removal of the en- 
trapped fluid led to prompt recovery. Five of the cases were bilateral. 

In another report” the same observers have described the psychiatric 
picture in greater detail and the use of psychologic testing in diagnosis. 
Two syndromes are distinguished. The first and more common is one in 
which pronounced retardation in intellectual activity and interpersonal re- 
lationships occurs. The person tends to be dull and lacks "push.” The 
second syndrome is seen in the more chronic cases; its most striking feature 
is impairment of inhibitions, with euphoria, motor restlessness and emo- 
tional lability. The Rorschach test and especially the Shipley-Hartford 
Retreat test for intellectual impairment®'* have been useful adjuncts in 
arriving at the diagnosis. In the latter procedure a vocabulary test, not 
easily affected by structural disease, is contrasted with an abstraction 
test, which is readily impaired by such changes. The authors conclude 
that "intellectual impairment in blast cases with or without positive 
neurologic findings is an indication for a pneumoencephalogram.” 

Blast injuries following underwater explosion present a particular 
problem. Experiments by Greaves et alP illustrate the danger of having 
the head below the surface during the blast, l^fllereas guinea pigs swim- 
ming on the surface had no macroscopic brain lesions, 4 guinea pigs Vith 
heads submerged, all had extensive epidural and subdural hemorrhages. 
One had a skull fracture; 2 had hemorrhages extending into the spinal 
canal. Hamlin®** describes the clinical syndrome in immersion blast injur- 
ies as consisting of clouding of the sensorium and diminished reflex activity 
commensurate with the severity of the visceral and pulmonary injuries. 
In some cases red cells or an increase in the total protein may appear in 
the spinal fluid. The mechanism of the production of neurologic symp- 
toms is still in the theoretical stage. Hamlin suggests that the blast 
wave may be transmitted to the neuraxis so that cerebral acceleration is 
produced as in cerebral concussion. It is probable, however, that the 
neurologic difficulties are due more frequently to transient ischemia from 
the rapid shift in vascular reservoirs. He notes that all survivors within 
the danger zone of an underwater detonation will have had their heads 
above the water when the compression occurs. Pain in the limbs, testicles, 
abdomen and chest is thought to be the resultant of forces acting on the 
peripheral and autonomic nerves. 

Chronic Effects of Brain Injury. Denny-Broxvn^® has reviewed his 
experience with 400 cases of prolonged disability following head injury 
mainly as the result of the war. Psychoneurotic symptoms were found 
to be more frequent problems than "organic” defects; 262 cases were 
suffering from psychoneurosis; 22 from traumatic epilepsy, and 116 from 
other organic defects. Overemphasis is too frequently placed upon either 
the structural or the emotional factors. Satisfactory therapeutic results 
require attention to both factors. Denny-Brown expresses the belief 
that psychoneurotic symptoms may result from structmal damage follow- 
ing severe injury. These sjmiptoms may also be a consequence of attempt- 
ing to adjust to a pre-traumatic level in the presence of intellectual impair- 
ment. RTen no e^^dence of severe injury is obtained, one can usually elicit 
a history of prexdous emotional instability. In cases of concussion, the 
duration of amnesia following the trauma is the most reliable indicator of 
cerebral damage. 

Important factors in prognosis, according to Sjnnonds,®® are: (1) the 
pre-traumatic constitution, as gauged by the family and personal history; 
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(2) age; (3) duration and degree of mental disorder following the injury; 
(4) duration of traumatic amnesia; and (5) the particular situation of the 
individual, including his desire for return to duty, anxiety regarding future 
capacity and compensation factors. Reassurance, occupational therapy 
and graduated increases in activity are useful therapeutic agents. 

Symonds and RusselP^ state that the prognosis in 718 cases of chronic 
head injury admitted to a military hospital because of unsatisfactory 
progress was twice as poor as in their acute cases. Thej'’ believe that a 
greater predisposition to mental disorders existed in this group. The 
prognosis in 111 members of the Royal Air Force with acute and chronic 
head injuries was 4 times as good as in the entire series. These men were 
highly selected as far as mental and emotional disorders were concerned. 

The recent publication of Kurt Goldstein,^® “Aftereffects of Brain 
Injuries in War,” emphasizes the important problems that will be encoun- 
tered in the care of the more or less permanently disabled cases of head 
injury. The book is divided into two parts. The first deals with the 
general, neurologic and mental symptoms and with a variety of testing 
procedures used to elucidate more obscure defects. The second part is 
concerned largely with the treatment of aphasic and agnosic disorders 
and the principles employed in determining subsequent placement and 
the patients. 

Epilepsy, Goldstein notes, is a frequent sequelaj of penetrating skull 
wounds ; grand mal and petit mal attacks occur in 15 to 20 % of all patients 
and other varieties are common. Attacks occurring shortly after the 
injury are less inclined to become chronic than those appearing after 1 
or 2 years. Many of the early seizures are associated with irritative fac- 
tors that can be eliminated, while late attacks are frequently associated 
with scarring. He points out the importance of careful perimetric exam- 
ination in these patients. Visual defects may be due not only to focal 
lesions of the visual apparatus, but also to diffuse blows; or they may be 
an expression of abnormal fatigue. Central vision usually improves 
earlier than peripheral, so that the resultant tubular constriction maj'' be 
confused with that seen in hysteria. Disturbances in space perception 
and in color vision are also noted. 

Frontal lobe involvement is common. Extreme akinesia with apparent 
intactness of the memory and other mental functions may be noted; 
sometimes it is associated with catalepsy. Abnormal postures and dis- 
turbances in coordination are observed. Aphasia, apraxia and related 
phenomenon maj"^ be due to lesions in the second and third frontal con- 
volutions. Goldstein describes the mental changes in frontal lobe lesions 
as an impairment in the capacity of “abstraction;” the patients become 
more “concrete in their behavior.” “The abstract attitude is basic for 
the following potentialities: 1. Assuming a mental set voluntarily. 2. 
Shifting voluntarily from one aspect of a situation to another, making a 
choice. 3, Keeping in mind simultaneously various aspects of a situa- 
tion. 4. Grasping the essential of a given whole, breaking up a given 
whole into parts and isolating them voluntarily. 5. Abstracting common 
properties, planning ahead ideationally, assuming an attitude toward the 
‘merely possible,’ and thinking or, performing symbolically. 6. Detach- 
ing the ego from the outer world. In all these potentialities, the patients 
are more or less impaired.” 

Another group of symptoms arise not directly from the damage to the 
brain but from “the struggle of the changed organism to cope with the 
defect and to meet the demands of a milieu with which it is no longer__able 
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to cope.” Behavior as a whole therefoi’e differs fundamentally according 
to the situation. In the face of a situation to Avhich he cannot adapt, the 
patient may exhibit a variety of mental, emotional and vasomotor phe- 
nomena. Goldstein calls this a “catastrophic situation.” Numerous 
psychologic laboratory examinations have been carried out in order to 
evaluate the mental functions, the general level of performance, the pres- 
ence of circumscribed mental defects such as aphasia, and to studjr the 
working capacity in special kinds of labor. The mere results of tests, such 
as the intelligence quotient, are ambiguous. The procedure in which the 
patients arrive at them, however, is of more significance. In the tachisto- 
scopic examination a variety of letters, words, figures, numbers, objects 
and colors are projected upon a screen for a fraction of a second. One- 
tenth second, for instance, is ordinarily required to recognize familiar 
objects. In cases of brain damage the time required to recognize them 
may be lengthened. “With this plan one can find slowing down of mental 
processes, disturbances of attention, of memory, of the visual capacity in 
different directions, disturbances of reading (alexia), of visual recognition 
of objects (agnosia), as well as defects of the visual field, disturbances of 
color vision, aphasic symptoms.” Ergographic tests are used for the 
studj'' of fatigue and working capacity. The observation of labor in 
hospital workshops is of use not onlj^ in retraining but also in giving 
indications of the patient’s future work capacity. 

The section on therapy is devoted to a detailed discussion of the re- 
educational training procedures employed in a \"ariety of aphasic and 
related disturbances. Training is based on the previous careful evaluation 
of the patient by clinical and laboratory methods. Treatment, in general, 
is devoted to retraining functional mechanisms, as in childhood, or, in case 
the brain apparatus is so damaged that former performances are irre\'OC- 
ably lost, by building up substitute mechanisms. 

In patients discharged after treatment, Goldstein notes that while but 
20% became almost normal workers, only 18% did nothing and earned 
no money. 

Peripheral Nerve Injuries. Injuries to peripheral nerves are an impor- 
tant problem in war medicine. Among 383 injuries treated in the surgical 
service of an American naval hospital, comprising casualties from the Solo- 
mon Islands engagement, there were 30 peripheral nerve injuries.^® In 
this group the nerve injuries were frequently associated with compound 
fractures or with wounds that were not healed sufficiently to allow an 
anastomosis. Therapy, therefore, was devoted to promoting healing and 
avoiding contractures rather than nerve suture. 

Seddon®^ has suggested a new classification of peripheral nerve injuries; 
(1) Complete anatomic di’idsion (neurotmesis). Prompt surgical inter- 
vention is indicated in this group. (2) Complete loss of function without 
anatomic disturbance of the internal structure (axon tmesis). Differentia- 
tion between this and the first tj'pe ordinarily'- can be made only by explora- 
tion. When no anatomic division is seen, regeneration occurs more 
rapidly and completely; there should be no interference with the nerve. 
(3) Transient block (neurapraxia). This group is characterized by partial 
loss of function which is mainly motor in character, little wasting of 
musculature, absence of a reaction of degeneration, the presence of par- 
esthesias and relatively rapid recovery of function without surgery. 

The character and treatment of peripheral ner\'e injuries encountered 
in war has been discussed by Craig.®® He notes that war injuries present 
a more difficult therapeutic situation than those ordinarily seen, inasmuch 
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as tissue destruction is usually greater and suturing is delayed longer. 
In spite of the new methods of treatment that are being developed at the 
present time, Craig expresses the belief that severed nerves are best 
treated by end-to-end anastomosis. If possible, this should be done 
without tension, hemorrhage, or infection. He advocates the use of local 
and systemic sulfonamides. “The sulfonamides do not inhibit nerve 
regeneration but allow for the suture of infected or potentially infected 
nerves, thus shortening the period which formerly was allowed for the 
infection to clear.” Suturing is ordinarily performed with silk or cotton. 
Steel and tantalum, which produce no tissue reaction, are proving to be of 
value. “Nerve grafts are as yet not as efficacious as end-to-end suture, 
which may be achieved b 3 ^ multiple operations with lengthening of the 
nerve bj’^ wide dissection and primar 3 '^ suture of the separated nerve ends 
with fle.xion of the neighboring joints.” Craig states that massage and 
passive motion are useful in keeping the muscles in good condition, but 
they do not stimulate nerve regeneration. The radial nerve appears to be 
most frequentlj"^ involved. Wounds of the median nerve are most often 
complicated by the development of causalgia. Injury to the brachial 
ple.xus is commonly the result of concussion, hemorrhage or stretch- 
ing rather than laceration. It is therefore best to delay operative pro- 
cedures vdth this tjqie of wound in the hope that spontaneous recovery 
will ensue. 

According to Learmonth and Wallace, peripheral nerve injuries are 
frequentlj’- associated with scarring due to tissue destruction and sepsis. 
They believe that active cooperation between the nemosurgeon and the 
plastic surgeon is essential to proper therapy. After neurologic examina- 
tion, the plastic surgeon should obtain a covering of normal skin and sub- 
cutaneous tissue for the damaged area. Exploration of the nerve is 
carried out later. 

The rate of nerve regeneration following operation has been calculated 
by Marble, Hamlin and Watkins.'^® The average rate in cases of ulnar 
nerve injury was 1.24 mm. daily, rvith the results varying from 3.6 to 
0.58 mm. daily. The average rate in radial nerve injury was 1.09 mm. 
daily, with a range of from 2 to 0.5 mm. They point out that in nerve 
injuries associated solely wth fractm’es, nerve suture is seldom indicated. 

A variety of new techniques in nerve grafting have been reported m 
the last few years. Nerve grafting was formerly restricted for the most 
part to the use of fresh grafts from non-essential nerves of the injured 
patient. The use of coagulable plasma as a glue to replace ordinary 
sutures was reported liy Young and Medawar in 1940.®® The plasma 
was obtained from cockerels and chick embiyo was added as the clotting 
agent. This “ fibrogen-rich glue” was placed in the gap between the 
nerves and formed a bridge across which new axons would grow. Bentley 
and Hill®' described the experimental use of transplants from other animals 
of the species. Tarloff and Benjamin®® have modified the method of 
Young and IMedawar by using autologous plasma fortified with autologous 
muscle extract. They believe that this preparation results in less subse- 
quent inflammatory reaction and scar formation. 

Weiss and Taylor,®* in attempting to overcome the difficulties of using 
preserved nerves as' grafts, have deHsed a method in which the nerves are 
frozen and dehydrated and then stored aseptically. They found that when 
the nerves were rehydrated that they assumed their normal histologic 
appearance and could be successfully grafted into animals of the same 
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species. They suggest that “banks of assorted nerve sizes stored in the 
dried condition could readilj’’ fill a steady demand.” 

de Rezende* reported the use of peripheral nerves obtained from 
cadavers in bridging nerve gaps in experimental animals. The first clinical 
application of this procedure was made by Klemme, Woolsey and de Re- 
zende.^ The grafts were suspended in a solution of formaldehyde, trans- 
ferred to alcohol 2 or 3 days before the operation, and immersed in a saline 
solution i hour before the operation. The graft was fixed in place using a 
50 % acacia glue and an allantoid membrane was placed around it. 

Neuroma formation following peripheral nerve injury is commonly 
attributed to the misdirected and excessive outgrowth of the proximal end 
of the neurones which are attempting to find a pathway do^vn the distal 
portion of the nerve. Klemme, Woolsey and de Rezende point out that 
neuromas will form at both of the cut ends of a nerve although the proximal 
end is usually larger. The suggestion is made that neuroma formation is 
due mainly to hemorrhage with scar formation and that the growth of 
axons distally merely increases the size of the proximal neuroma. They 
emphasize that operation should be performed immediately after the 
injury or else after the wound has healed completely. Grafts should be 
used if there is any tension on the nerve; a graft may be applied later if 
immediate suture is unsuccessful. They point out that suturing results 
in laceration of many of the axis bundles and for this reason prefer the 
use of nerve grafts. 

Richter and Katz"*® have described an objective method of mapping out 
peripheral nerve or sympathetic involvement bj'^ measurement of the 
electrical skin resistance. They have found that skin resistance is higher 
in denervated areas and that these areas are sharply demarcated with this 
procedure. It is possible to map out areas affected by peripheral nerve 
injuries without the active cooperation of the patient and is therefore an 
advantage in the examination of patients who are unable to cooperate and 
in cases of malingering. It should be of help in following the progress 
of nerve regeneration after suture. Richter and Katz state that the 
apparatus is simple and the method rapid. 

Massage, motion and the application of moist heat are ordinarily 
advocated beginning about 2 weeks after the operation. There is no 
common agreement as yet on the effect of electrical stimulation in retard- 
ing the rate of muscular atrophy following denervation. Guttmann and 
Guttmann^ and Hines, Thompson and LazerC*^ have expressed the belief 
that beneficial effects are obtained. LavrentjeA'^® has stated that heat is 
the sole means of increasing the rate of nerve regeneration. Billig and 
Van Harreveld^® have suggested a new method for the re-innervation of 
chronically paralyzed muscles such as found in poliomyelitis or peripheral 
nerve injuries. The method is based on the fact that regeneration of nerve 
fibers is accompanied by branching. They therefore interrupt the remain- 
ing intact nerve fibers of a motor nerve innervating a paretic muscle and 
depend on the branching during regeneration to obtain an increase in the 
number of active muscle fibers. The interruption is accomplished by the 
pressure of forceps vdthout interruption of the nerve sheath and can only 
be applied to motor nerves which contain few sensory fibers. 

Causalcjia and Phantom Limb Pain. Pain following peripheral nerve 
injury or amputation may be expected to be frequently seen in wartime. 
Causalgia and related states were described in detail by Weir Mitchell in 
soldiers injured in the Civil War. Little has been added in the intervening 
years in elucidating fundamental mechanisms involved. Livingston’s 
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publication, “Pain Mechanisms: A Physiologic Interpretation of Caus- 
algia and Its Related States,”^’ reviews the subject and makes pro^^sional 
attempts to correlate it with recent neurophysiologic and anatomic con- 
cepts. The term causalgia (“burning pain”) has been used to designate a 
sjmdrome Avhich follows peripheral nerve injuries and is characterized by: 
(1) burning pain; (2) trophic changes, especially glossy skin; and (3) a 
local rise in temperature. Livingston believes this definition to be too 
restricted; all 3 are sjTOptoms which follow peripheral nerve irritation and 
which may occur either isolated or in combination. Moreover, hyper- 
esthesia and sweating are often noted, and coldness is more frequently 
present than heat. Persistence of the symptoms ma,y result in thinning 
of the skin, fibrosis and atrophy of muscles, and atrophy of the bones with 
osteoporosis. He restricts the term eausalgia to severe cases characterized 
bj^ burning pain, employs Homan’s term, “minor causalgia,” for less severe 
cases and “post-traumatic pain syndromes” to inelude cases in whieh 
burning pain is not a feature. Occasionally the pain and other symptoms 
are reflected to the same position in the contralateral extremity as a “mir- 
ror image.” This miiTor image ma 3 ^ persist after the original lesion has 
disappeared. Livingston states, “It is difficult to escape the conviction 
that some djmamic process has been initiated within the spinal cord that 
maj" persist after the original stimulus is withdrawn.” 

RiecherP' gives the incidence of causalgia as 2 % in a series of 500 cases 
of peripheral nerve injur 3 \ While it usual].y follows trauma to the sciatic 
or median nerve, injury to other nerves maj'^ give rise to the phenomenon. 
It occasionally’^ appears after wounds in which no opening of the skin or 
fracture has occurred. The pain is aggravated by' contact with any'thing 
that is dry. A central disturbance is indicated by the fact that emotional 
experiences may precipitate an attack. Gask and Ross’s view that pain 
from peripheral neiu’e irritation is due to the exeessive liberation in the 
skin of an “ H-substance ” which increases skin sensitivity is not neces- 
sarily disproved by' the relief of pain by sy'mpathectomy. Vasodilation 
following this procedure may' in effect assist in washing away' the substance. 

The term “phantom limb” is applied to the sensation of the persistent 
presence of a limb after it has been amputated.'*’ This sensation may', 
indeed, be more vivid than when the extremity was intact. Sometimes, 
severe pain is felt in the phantom limb, most frequently of a burning 
character. Occasionally, the patient feels as if he is able to voluntarily 
move the fingers or toes, or they are felt to be in a cramped position. In 
the presence of phantom limb pain, the stump is commonly cold. Hj'per- 
esthesias and sweating may' be present. Fibrillary twitches and clonic 
contractions are observed in some stumps, and they' may' be increased with 
emotion. 

Bailey and Moersch,^® in a study of 105 patients, note that phantom 
limb appears after most amputations (90.5%) but becomes incapacitating 
in only' a few. Among 56 amputations necessitated by' trauma, the sensa- 
tion occurred immediately in 42 and was delay'ed in the remainder. Symp- 
toms did not become distressing, however, until later. This period aver- 
aged 5 years, though as long as 29 y'ears elapsed. Of 15 varieties of 
surgical and non-surgical therapies none gave anything but transient 
relief. The authors could find no single theory' to explain the phenomenon. 
They' concluded that it probably' is of psy'chogenic origin, possibly' a ty'pe 
of “obsession neurosis.” 

Riddoch®'* believes that impulses from the stump are fundamentally' 
responsible for the sensation. The impulses attempt to maintain an image 
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of the intact “body scheme” in consciousness. These excitation impulses 
are subject to inhibitory processes in the central nervous system. If the 
peripheral excitation is intense and the central inhibitory processes are 
weakened, painful sensations maj' result. Thus, ill-health or emotional 
disturbances may precipitate the painful state by reducing central inhi- 
bition. 

Livingston, likewise, believes that the fundamental etiologic factor in 
all of these conditions lies in irritation arising from the traumatized 
peripheral nerve. In proposing a theory to explain the phenomenon one 
must take into account the fact that eliminating the focus of irritation 
does not always abolish the pain. Livingston utilizes the concept of 
self-reexciting internuncial pools of neurons in which nerve impulses may 
continue to discharge after the stimulus has ceased; this type of neuronal 
arrangement has been suggested by neurophysiologists as an explanation 
for after-discharge. He summarizes, “ Ah organic lesion at the periphery, 
involving sensory nerve filaments, may become a source of chronic irrita- 
tion. Afferent impulses from this ‘trigger point’ eventually create an 
abnormal state of activity in the internuncial neuron centers of the spinal 
cord gray matter. The internuncial disturbance in turn is reflected in an 
abnormal motor response from both the lateral and anterior horn neurons 
of one or more segments of the cord. The muscle spasm, vasomotor 
changes, and other effects which this central perturbation of function 
brings about in the peripheral tissues, may furnish new sources for pain 
and new reflexes. A vicious circle of activity is created. If the trigger 
point is removed early, the process may subside spontaneously. If the 
process is permitted to continue, it spreads to involve new areas, and tends 
to acquire a momentum that is increasingly difficult to displace. Perhaps 
in this stage, even a removal of the original irritant may not be sufficient 
to establish a cure. But if an important part of the circle of reflexes can 
be interrupted, the process may subside, and a normal physiologic status 
is again established. If again the pathologic patterns gain the ascendancy, 
the repeated breaking of the circle may result in a permanent cure.” 
Therapy should therefore not be delayed. Frequently novocaine injection 
or surgical removal of the trigger point helps to break up the vicious circle. 
If this does not succeed, interruption of the sympathetic pathways, either 
by injection of sympathetic ganglia, periarterial sympathectomj’’ or sym- 
pathetic ganglionectomy, may be of benefit. If in turn this approach is 
unsuccessful, posterior rhizotomy or anterolateral chordotomy may be 
attempted. 

Livingston does not subscribe to the view, held by Foerster and Leriche, 
that sympathectomy relieves pain by interruption of sensory fibers, inas- 
much as e.xperimental e^ddence indicates that all such fibers pass through 
the posterior roots. Lewis submits that vasodilation and increased blood 
flow is the only explanation available at the present time for benefits from 
sympathectomies. While not denying the importance of the vasomotor 
factor, Livingston is not completely satisfied with this explanation, feeling 
that it is but a part of a more fundamental central disturbance. 

Meningococcic Meningitis. In a review of the health of the U. S. Army, 
Simmons®^ states that the army has experienced an outbreak of meningitis 
which is similar to, though milder than, that in the first World War. 
A sharp peak of 4.5 cases per 1000 per annum was reached in 1918. A 
similar abrupt rise to 2.7 has occurred in this war and has been maintained 
for a longer period than in the first World War. The incidence in the 
civilian population has increased fivefold over the previous o year average. 
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The army outbreak began at approximately the same time throughout the 
country and was of more serious consequence in camps with a large turn- 
over. The case fatality rate has decreased from 34 % in World War I to 
the present rate of between 3 and 5 %. This is chiefly due to the use of 
sulfonamides. 

Taranto®® has made an analysis of the symptomatology found in 100 con- 
secutive cases of cerebrospinal fever ut a navy camp. The most prominent 
features were headache (90%), nuchal rigidity (80%), vomiting (64%), 
petechice (64%) and prostration, delirium or coma (38%). He was im- 
pressed by the paucity of neurologic findings; the Babinski sign, for 
instance, was elicited in but 5 % of the cases. Only 1 patient succumbed. 
Sulfadiazine was of inestimable value. In most cases 4 gm. Avere giA'en 
by mouth on admission, folloAved by 2 gm. in 3 hours, 2 gm. in another 
3 hours and then 1 gm. everj'^ 4 hours until the temperature Avas normal 
for 72 hours. Delirious patients Avere given sodium sulfadiazine intra- 
venously. The average period of therapy Avas 8 days. Incoming raAV 
recruits Avere most susceptible to the disease. With the arrival of a neAv 
battalion, the incidence increased to a peak in 3 AA'eeks and then gradually 
declined. AAve, Babione and De Lamater®® liaA^e reported 2 deaths in 
50 cases of meningococcic meningitis seen at the U. S. NaAml Hospital in 
San Diego. One occurred 20 minutes and the other 4 hours after admis- 
sion. EleA’^en of the patients AA^ere comatose and 27 stuporous or irrita- 
tional. In spite of the severity of the process in most cases, striking 
improA’-ement Avas apparent Avithin 24 hours after administration of sulfa- 
pyridine. They haA'^e emphasized that successful therapy depends upon 
early diagnosis and prompt use of large amounts of sulfonamides. Menin- 
gitis should be considered in every man complaining of cold and headache 
or backache; lumbar puncture should be performed Avithout delay in any 
suspicious case. Large initial doses of sulfonamides Avere considered essen- 
tial. “The primary dose here has been either 4 or 6 gm. of sodium sulfa- 
pyridine intravenously, folloAved by 2 gm. intravenously every 4 hours. 
This routine is continued for 3 to 5 days.” This Avas folloAA^ed by oral 
administration in 29 patients. Fifteen patients received serum in addition 
to sulfapyridine. No difference Avas noted betAveen this group and the 
remainder AA^ho receiA'^ed sulfapyridine alone, except for the high incidence 
of serum sickness. NcAVComber and Frame®^ haA'-e also reported 2 deaths 
in 50 cases and no deaths among those AAuth 12 or more hours of treatment. 
Parenteral sodium sulfapyridine A\'as u.sed in this group. 

Daniels, Solomon and Jaquette®' haA'e studied 112 patients Avith men- 
ingococcic infection at Fort Bragg, N. C. The incidence of infection 
increased markedly beginning December 30, 1942, rising to 8 per 1000 
per annum for the entire camp and 20 per 1000 annually for unseasoned 
troops. Of all these cases, 59 % AA'ere from the group of soldiers Avith less 
than 3 months’ service comprising one-third of the total camp population. 
The authors haA^e stressed the importance of AueAving the disease primarily 
as a meningococcic septicemia, as it is only in this Avay that the diagnosis 
can be made before meningitis dcA’^elops. Infection arises in the naso- 
phar^mx and inA^ades the blood stream, AAuth localization in the skin, joints, 
meninges and other body tissues. In 32 cases a diagnosis of meningococ- 
cemia AAuthout meningitis Avas made. While upper respiratory infection, 
headache and nausea Avere among frequent symptoms of meningococcemia 
the most characteristic manifestation AA^as the rash. Most commonly it 
Avas petechial or purpuric. Ill-defined pink macules and maculopapular 
lesions Avere also seen, The initial blood culture Avas positiA^e for men- 
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ingococci in 56%; therefore in many cases diagnosis had to rest on clinical 
grounds. Prompt therapy prevented the advent’ of meningitis. 

In the 80 cases of meningitis, bacteriologic confirmation was obtained in 
97.5 % of the patients who had not received any sulfonamide previously. 
On the other hand, no meningococcus was grown in any patient previously 
given the drug. Only 1 death occurred in the entire group. Sodium 
sulfadiazine, intravenously, was the drug of choice in cases of meningitis. 
One group received 0.1 gm. per kg. intravenously as an initial dose and 
one-half this amount every S hours thereafter until it could be retained by 
mouth. Another group received an initial dose of 0.05 gm. per kg., 
0.025 gm. per kg. 4 hours later and then the latter amount every 8 hours. 
The smaller dosage was equally effective, and the incidence of renal com- 
plication from sulfadiazine decreased. 

Hill and Lever®® reported on 68 cases of meningococcic infection treated 
at Camp Edwards, Mass. Intravenous sulfonamides, especially sulfa- 
diazine, were used. Not a single death resulted. The meningococcus was 
frequently recovered from clear spinal fluids. 

Thomas®^ reviewed a series of 1518 cases treated in the Fourth Service 
Command. The early mortality rate of 8.8% in 317 cases was later 
reduced to 2.1%. Two-thirds of the cases and 80% of the fatal cases 
were noted in new, unseasoned troops. 

The American experiences correspond quite well with those reported 
in British troops. For instance. Priest®® reported the same “miraculous” 
results with the sulfonamide treatment of the 204 cases which occurred 
among the British Expeditionary Forces in France. Only 2 patients died, 
in neither case directly due to the effects of the meningococcus. In general, 
the cases were of 3 types: (1) fulminating onset vdth loss of consciousness 
and late appearance of meningeal signs; (2) acute onset with immediate 
signs of meningitis, the most common type; and (3) onset with chronic 
meningococcic bacteremia. 

Prophylaxis. Thomas®^ has stated that the carrier rate is between 
1 and 2 % in non-epidemic periods and rises to 30 % or more during epi- 
demics. Gray and Gear®® have expressed the belief that if the carrier rate 
e.xceeds 20% in a military camp, the mass use of sulfapyridine is indicated. 
Fairbrother®® had previously demonstrated its effectiveness in the elimina- 
tion of carriers. Sulfadiazine and sulfathiazole have proved themselves 
equally effective as prophylactic agents. Sulfanilamide apparently has 
not been as useful.®® Kuhns ct af.®^ administered sulfadiazine prophy- 
lactically to more than 15,000 soldiers. Following the administration of 
3 gm. daily for 3 days or 2 gm. daily for 2 days, the incidence of cerebro- 
spinal fever in the group fell abruptly. Only 2 cases occurred during an 
8 week period of observation, while 40 cases occurred among 18,800 un- 
treated controls. One of the 2 treated patients was admitted to the 
station hospital for measles and developed meningitis 9 days later; the 
other was transferred to an untreated organization after he had received 
the drug. 

Use of Electroencephalography in the Armed Forces. Schwab'^ states 
that the usefulness of the electroencephalographic examination of navy 
personnel falls into 3 main categories: (1) in e.xamination of applicants 
for naval service, the e.xamination being confined to those men with 
histories of fainting attacks or head injury; (2) in examination of men 
actually in the service who have fainted or have had seizures; and (3) in 
determination of the extent of intracranial damage to members of the 
personnel who have suffered head injuries. lYilliams^ studjnng an English 
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military group found 40% abnormalities among men with head injuries, 
2G% abnormalities in psychoneurotics and 5% abnormalities in a group 
of military aviators. Ten per cent of the records in a control group were 
classified as abnormal. Harty, Gibbs and Gibbs®® have reported on the 
electroencephalographic examination of 275 candidates for military service. 
Thirty per cent of the records w'ere abnormal, contrasted with 15 % in a 
control group. However, when 127 men in the group wdth a history of 
severe head injurj^ or neuropsj^chiatric disorder were eliminated, the per- 
centage dropped to 13. The greatest percentage of abnormalities were 
found in psychopathic personalities (88%) and in head injuries with neuro- 
psychiatric disorders (85%). In 6 candidates with a family history of 
epilepsy, 4 were abnormal, while in 4 with seizures in infancy 2 were abnor- 
mal. Of cases classified as “mixed neuropsychiatric disorders,” 61 % were 
abnormal. Among men with head injuries, 26% with a history of uncon- 
sciousness following the injury had abnormal records, while but 11 % were 
abnormal in those in which consciousness was unimpaired. The authors 
concluded that electroencephalographic examination is advantageous in 
cases in which the results of other tests are equivocal or in which a general 
examination indicates that a man is borderline between acceptable and 
rejectable. 

In chronic post-traumatic syndromes, Heppenstall and Hill®® relate the 
abnormalities in electroencephalographic findings to the duration of post- 
traumatic amnesia, the time elapsed between the injury and the recording, 
and to abnormal family and personal histories. Sixty-three per cent of the 
records were abnormal in cases of predominantly “organic” syndromes and 
37% in predominantly “functional” sjmdromes. Denny-Brown’® states 
that improvement in the electroencephalogram in cases of concussion cor- 
responds roughly with the clinical condition of the patient. The record 
ma.v not be of value, however, if it is unrelated to clinical data. 

McDaniel ct report on the use of the electroencephalogram at the 
U. S. Naval Hospital in Philadelphia. They state that it is proving itself 
at least as useful to the neuropsychiatrist as the electrocardiogram is to the 
cardiologist. Solomon et alJ^ also believe electroencephalography to be a 
valuable instrument in the selection of recruits, especially those with the 
diagnosis of epilepsy. Among 432 patients, they state that the electro- 
encephalogram was of primary importance in arriving at a decision in 10 %, 
of secondary importance in 53 % and of incidental value in 37 %. 
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Determination of Serum Total Base by Ion Adsorption. B. D. Polis 
and J. G. Reinhold (Division of Biochemistry, Philadelphia General 
Hospital). A simple, rapid method for total base determination tvas 
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described based on the adsorption of the cations by Amberlite Resin IRIOO 
and the titration of the acid effluent with standard base. CO 2 , which is 
partially lost, is removed by aeration with CO 2 free air. The base bound 
as bicarbonate is calculated by a CO 2 determination. This added to the 
value determined by titration gives the total serum base. The method 
showed high precision and good accuracy compared with the electro- 
dialysis method of Keyes, except in the extreme acidic range of 0-10 meq. 
HCO 3 . In this range the results, though low, are consistent enough to 
apply a correction factor. 


The Blood Picture of Athletes as Affected by Intercollegiate Sports. 
Edmond J. Farris (The Wistar Institute. of Anatomy and Biology).* 
Over 300 blood counts were made on college athletes before and after 
match games. In most of the 8 sports an emotional lymphocytosis was 
evidenced before the game, with concomitant reduction in the neutrophils. 

In football, basketball and baseball the relative lymphocytosis dis- 
appeared during the course of the game. In wrestling and track the 
lymphocytosis increased during the course of the event. In tennis, golf 
and rowing, the relative lymphocytosis remained about the same through- 
out the event. Some indication of the physical condition of each player 
was furnished by the differential blood count picture after football, basket- 
ball and baseball games. Blood counts of players fatigued to exhaustion 
ranged from 80 to 91 % neutrophils. 

Intensity of activity in competition, together with duration, produced 
a leukocytosis in all events. A certain intensity in activity, was essential 
to produce the marked leukocytosis, in spite of duration. 

The total number of erythrocytes per c.mm. was increased in the short 
term athletic events, and usually decreased in events which lasten over 
2-5 minutes. 


Clues Regarding the Organization of the Simplest Living Systems. 
Stuart Mudd (Department of Bacteriology, University of Pennsylvania). 
The microbiologic parasites may be arranged in a series of diminishing 
size and metabolic independence. Bacteria are able to synthesize certain 
growth accessories, lipids, carbohydrates, nucleic acids and proteins. 
It must be admitted that no pattern of organization of sufficient refine- 
ment and complexity has as yet been detected as a possible structural 
basis for these exacting chemical syntheses. Nevertheless, electron micros- 
copy has shovm a considerable degree of organization of the minute bac- 
terial cell. A cell wall in the solid state is separable from an inner fluid 
or potentially fluid protoplasm. E.xtracellular capsules, flagella, spores 
and spore-like bodies, intracellular granules and areas of differing densities 
are all, when present, capable of demonstration under favorable conditions. 

Pathogenic rickettsise and viruses have either lost or never achieved 
their metabolic independence. They are obligatory intracellular parasites. 
The studies of Plotz, Smadel, Anderson and Chambers with rickettsia: 
and of Green, Anderson and Smadel with vaccinia (which is one of the 
largest viruses), nevertheless demonstrate simple cellular organization. 
Cell walls and differentiation vdthin the protoplasm are clearly seen in these 
rickettsire and in the vaccinia elementary bodies. Structural differentia- 

* This investigation was aided by a grant from the Samuel S. Fels Fund. 
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tion, indeed, has been recorded by Luria, Delbriick and Anderson in 
micrographs of even smaller parasites, namely in the heads of coli bacterio- 
phage particles, which are only about 65 to 80 mu in diameter. 

Plant viruses would seem to be at the bottom of the microbiologic scale 
of parasitism. The viruses of tobacco and cucumber mosaic disease have 
been prepared by W. M. Stanley and others as crystalline macromolecules 
of nucleoprotein. Analysis b5’’ Roentgen ray diffraction by Bernal and 
Fankuchen has shown the molecules of tobacco mosaic virus to have a 
definite internal architecture due to regular periodic arrangement of the 
structural units of which the macromolecule is composed. Tobacco mosaic 
virus possesses the property’’ of reproduction in suitable hosts and of “ muta- 
tion,” including change in chemical constitution; these are two attributes 
which have hitherto been considered distinctively characteristic of living 
systems. It may well be questioned, however, whether a crystalline 
molecule can be considered to be living. 


An Apparatus for Study of the Physiology of Air-borne Infection. 
W. F. Wells (Laboratories for Study of Air-borne Infection, University 
of Pennsylvania). In experiments on air-borne tuberculosis the number 
of tubercles in the lung corresponded with the estimated number of 
bacilli-bearing nuclei breathed by rabbits, and their general distribu- 
tion indicated ready penetration to the remotest passages. The physical 
behavior of air-suspended particles, which determines their penetration 
to the lung, is governed by the relation between surface area and weight. 
Friction (proportional to surface area) holds particles in air currents, 
while mass deposits them on surfaces. Their state of suspension can 
therefore be defined by settling velocity (measured by the number of 
particles which settle on unit area in unit time divided by number per 
unit volume). 

The solid content of a droplet determines the size of its particulate 
residue. Settling velocity of nuclei can be regulated by the solid content 
of droplets of constant size produced by a special atomizer. The atomizer 
nozzle inserted tangentially at the equator of a horizontal flask whirls 
larger droplets to the flask wall where they return to the pool. The air 
is rapidly saturated by the evaporation of a constant number of the 
smallest droplets, and their nuclei are swept out with the air stream frost 
the core of the flask air. The constancy of both size and number depends 
upon the saturation of a constant supply of air of constant humidity by 
droplets of constant size. Loss in flask weight determines the amount of 
atomized fluid, gauge readings the amount of compressed air used, and 
bacterial sampling the number of droplets. Settling velocity (or particle 
size) is estimated from simultaneous Petri plate and centrifuge samples. 

The number of particles in the air breathed by the animals is maintained 
constant by chimney action— draft being created by a special gas burner 
supplied by the infected air. Any system connected to this chimnej' will 
be under negative pressure to the combustion chamber, reassuring safety 
of persons in the room. Air flow is estimated from readings of wet and 
dry bulb thermometers in the air line. 

A hexagonal infection chamber is connected by a 2-inch hose line to 
the chimn^i^ and to the atomizer flask. Each of the G sides is fitted with 
a port, to which a plethysmograph can be attached, so that the head of the 
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animal projects into the chamber. Influent air rises around the edges 
of a false floor, passes the heads of the 0 animals facing each other, and 
discharges through a central outlet, effluent air being sampled b^^ an air 
centrifuge exhausting the outlet line. A small ultraviolet light sterilizes 
the air at the termination of e.xposure and reduces superficial contamina- 
tion of the animals and interior surfaces. A kymograph standing on top 
of the chamber records air displacemt. From the measurement of air 
breathed by the animals, and the bacterial content of the air, the number 
of inspired particles can be estimated, and by comparison with the number 
of colonies in the lung, the penetration of defensive barriers can l)e cor- 
related with particle size. 



BOOK REVIEWS AND NOTICES 


Bahometric Pressure. Researches in Experimental Physiologj'. By Paul 
Bert. Translated from the French by Mary Alice Hitchcock, M. A., 
Formerly Professor of Romance Languages at the University of Akron; 
and Fred A. Hitchcock, Ph.D., Associate Professor of Physiology at The 
Ohio State University. Pp. 1055; 23 tables; 89 figs. Columbus, Ohio: 
College Book Company, 1943. Price, $12.00. 

It is the fate of most individual contributions to knowledge to be washed by 
the years into a heap of anonymity — many of them forever, and some to be 
long forgotten. The rescue of gi’eat classics depends not alone upon their 
greatness, but also upon that small, select group of alert minds who, not con- 
tent to let the heap lie still, search out the Vesalii, the Harveys, and the Paul 
Berts for our illumination and inspiration. Paul Bert’s narrow escape from 
these misty reaches of dim, forgotten time is due less to the global war which 
has brought the physiology of altered atmospheric pressure into prominence 
than to the timely perspicacity of the translators, to whom humanity must be 
grateful for the rebirth of a classic of orderly, scientific investigation during a 
time of utter chaos. In the preface of the original edition (1878), Bert does 
not exaggerate in saying, “The present book, if I am not mistaken” (and 
indeed he is not) “holds interest not only for physiologists, but also for physi- 
cians, engineers, and even travellers.” 

To touch now briefly upon the plan and structure of this magnum opus 
given us by the Hitchcocks, and to sample here and there its brightest passages 
will be, it is hoped, the antipasto which demands enjoyment of the whole feast. 

The work is divided into 3 parts: history, experiments, and conclusions. 
Of the first part, some 500 pages. Dr. John F. Fulton says in his foreword to 
the translation, “We should be lastingly in (Paul Bert’s) debt for this masterly 
presentation— a model, be it said, for any student wishing to write in the 
field of medical history." With this comment there can be no disagreement 
by the most casual reader of the book. One is led first upon a tour of the 
Lofty Regions of the Earth, from the Alps through the mountains of the 
Caucasus, Marco Polo’s Roof of the World, the Himalayas, the peaks of the 
Americas and Africa, and the highest islands, with something of their history 
and measurements of their altitudes. With this orientation, the author 
gathers the observations of travellers on mountain journeys, quoting from the 
followers of Cortez in 1530, von Humboldt in 1802, and a host of others, from 
wandering Jesuit priests to Bert’s own contemporaries. From these, and 
similar accounts of balloon aeronauts, he passes to a discussion of all the 
explanations and ex-periments deidsed to explain the symptoms suffered by 
those who ventured to high altitudes — sjanptoms which received an interesting 
variety of names, depending upon the age and the location. Among the 
earliest investigations were those of Boyle in 1670, ivhich were followed by a 
dark age of mysticism and polemics lasting until the author’s time, and capable 
of furnishing an admirable half-semester course on the questionable art of 
covering ignorance with polysyllabics. Of this period, it might be said again, 
“ of the making of books there is no end, and much learning is a great weariness 
of the flesh.” Even the illustrious von Humboldt, we are told, originated the 
picturesque theory that much of the disability of mountain sickness arose 
from the simple lowering of atmospheric pressure, which normally kept the 
head of the femur in jts articulation, with the result that this joint was pain- 
fully weakened. 'This concept held much sway until Bert caused a dissection 
to be rnade, and with careful measurements, applied the simple laws of physics. 
By similar methods in his critical summary, the author pulverizes the unsound 
to extinction. The remainder of the historical section is concerned with 
pressures above 1 atmosphere; it contains a fascinating historj’’ of the art of 
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deep-sea diving in bells and suits, a topic which fonns an excellent prelude to 
the first part of Hill’s “Caisson Disease,” published in 1912. In addition, 
one learns that the compressed air chamber was first used therapeuticallj’’ in 
France in 1838— the anlage of the modern oxygen chamber. Again, the 
numerous theories and experiments devised to explain physiologic changes 
under compression are criticized and summarized, and the subject of decom- 
pression illness is given its first clear presentation. 

It is frankly impossible to re^derv or even comment justly on the second 
500 pages, entitled Experiments, within a reasonable space. Of these there 
are some 600, presented with complete protocols (models for the modern 
laboratoiy), summaries and discus.sions. All the questions imjjlied by the pre- 
ceding histoiy are undertaken for study, and the subjects used are legion: 
10 .species of birds, 6 of mammalians, including 11 breeds of dogs in addition 
to mongrels, 4 species of cold-blooded verteirrates, snails and earthworms, 
14 of insects, 5 of plants, numerous microorganisms, and in vitro preparations 
of tissues and enzymes. Here one maj'^ find, clearly set forth, the basis of 
much of our present knowledge of the oxygen-canying function of blood 
under various pressures. In summarizing his exTreriments on rapid decom- 
pression, Bert gives the key to decompression illness and the modern practice 
of deep-sea diving. "Sudden decompression, beginning with several atmos- 
pheres, brings on symptoms of varying severity depending upon the degree of 
compression, the animal species, the indi\dduals, and the state of the experi- 
mental animal at the time. These sjTnptoms must be attributed to the 
escape of nitrogen which had been stored up in excess in the organism, follow- 
ing Dalton’s Law.” As prophylaxis he prescribes “ controlled decompre-ssion,” 
and as the only cure “a recompression, either immediate or following the 
inhalation of oxj'gen in case heart gurgles are observed.” But perhaps most 
important of all is his discovery of the phenomenon of foisoning by oxygen, 
when, in his own words, “The o.xygen which has reached a certain tension 
constitutes a dangerous element, often even fatal, for animal life.” It is 
interesting that this phenomenon was little explored for half a century after 
its discovery. 

But to proceed further with this delightful task of sampling would be unfair. 
Suffice it to add, again in the words of Di‘. Fulton, “The third and final part 
.... contains the r4sum4 and conclusions, and is again a model of concise, 
oi-dei’ly and logical scientific presentation.” 

Lest it be noted that in disciussing a translation the Reviewer has devoted 
much space to enthusiasm over the original, it should be remembered that 
there would be no cause for review in the absence of a translation of an exceed- 
ingly rare volume. And the Reviewer hastens to add (having read both 
French and English editions), that they have skilfully reconciled the 2 most 
difficult tasks of translation: to render faithfully and still use the best idiorn. 

The service performed by Paul Bert speaks for itself; that performed by his 
translators cannot be too highly praised: as the “Introduction to Experi- 
mental Medicine” of Bert’s predecessor, Claude Bernard, is a “must” upon 
the shelf of everj^ aspirant to the rockj”^ paths of medical research, now there is 
available a companion, equal “must,” in the Hitchcocks’ faithful rendition of’ 
“Barometric Pressure.” B. R. 


Hypertension — A Manual for Patients With High Blood Pressure. By 
Irvine H. Page, A.B., M.D., Director, Lilly Clinic, Indianapolis City 
Hospital. Pp. 80; 7 figs. Springfield, 111.: Charles C Thomas, 1943. 
Price, SI. 50. 

This book is written expres.slj’' for the layman and proposes to give the 
hj’pertensive “patient an insight into his illness that he may be spared some 
of the dismay and alann and avoid the quackery that will await him from 
eyerj’- side.” Perusal of the book will repay the clinician as well as benefit 
his patient. The writer explains the purpose of the various clinical procedures 
used in examining the hypertensive patient, and further explain.^'in clear and 
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understandable terms, what hypertension is. Finally, he tells what can be 
done about it. The approach is simple, direct, yet surprisingly comprehen- 
sive. In a field filled with contradictions, the author has maintained a firm 
footing on the underlying pathology and physiology of the cardiovascular- 
renal complex. This book should be gratefully received by the worried and 
harassed hypertensive patient, as it guides him to a satisfactory way of living 
and to a happier outlook upon his daily existence. D. C. 


Self-teaching Tests in Arithmetic for Nurses. By Ruth W. Jessee, 
Science Instructor at Bridgeport Hospital, Bridgeport, Conn. Pp. 111. 
St. Louis; C. V. Mosby Company, 1943. Price, $1.50. 

This manual, intended for elementary nursing students, fits well into the 
accelerated nursing school program of today. Logically graauated and stimu- 
lating, it provides for the student’s self-orientation and self-study. While a 
larger size of type and additional laboratory exercises might further enhance 
its practicability, this Reviewer finds it an exceptionally valuable tool or both 
student and instructor. H. F. 


Cytology AND Cell Physiology. Edited by Geoffrey Bourne. Pp. 296; 

several figs, and plates. New York; Oxford University Press, 1942. 

Price, $6.00. 

It gives one a definite confidence in mankind and secures one's faith in 
Science to realize that this book was produced by British scientists during 
the course of the 1940-1941 air blitzkrieg on Britain. In the Editor’s words, 
“. . . . there are probably no chapters of which part was not written within 
the sound of bursting bombs.” In spite of the adverse conditions under which 
the work was done, an excellent book has resulted. The contributors are; 
J. R. Baker, H. Blaschko, G. Bourne, J. F. Danielli, E. S. Horning, W. Jacob- 
sen, R. J. Ludford, J. H. Schulman, and J. D. White. Realizing that purely 
morphologic investigations of cells are giving way to interpretation of structure 
in terms of chemical composition and function, the writers have striven to 
produce a critical analysis of cytologic technique and the results of physico- 
chemical investigation of cells. The cell surface and membranes, mito- 
chondria, the Golgi apparatus, the nucleus and the enzjTne systems are ca]i- 
ably discussed and the final chapter, by Ludford, presents the pathologic 
aspects of cytology. At the end of each chapter is a bibliography and the 
book is fully illustrated with draivings and photomicrographs. The chief value 
of this volume is the compilation and correlation of work from many sources 
and the result is the most lucid and comprehensive presentation available of 
our modern concepts of the cell. D. C. 


Applied Anatomy of the Head and Neck. For Students and Practitioners 
of Dentistry. By Harry' H. Shapiro, D.M.D., Assistant Professor of 
Anatomy, College of Physicians and Surgeons, Columbia University. Pp. 
189; 173 illus. Philadelphia, London, Montreal; J. B. Lippincott Company, 
1943. Price, 85.50. 

This is the first book of its kind, to our knowledge, since Cryer’s Internal 
Anatomy of the Face, published in 1916. It is “specifically de,signed to relate 
the anatomy of the head and neck to the Y^arious fields of dentistry” for students 
and practitioners of dentistiy. The book contains 9 chapters beginning with 
the examination of the patient including surface anatomy of the face, oral 
caYuty and neck. Next is considered the deY’elopment and groYvth of oral and 
associated structures including some of the more common congenital and 
acquired mahomiations, such as harelip and cleft palate, of particular interest 
to the dentist. After a short chapter on the skull, which contains some 
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excellent roentgenograms, there is one of the best sections of the book on the 
muscles and their relation to facial expression, orthodontic applications, move- 
ments of the mandible and their role in mandibular fractures. A chapter on 
the temporomandibular articulation contains a good discussion of the anatomic 
variations of the components of the joint — apkjdosis and subluxation. The 
neuroanatomic considerations deal with the nervous structures relating to the 
head and neck and correlate them with pain, anesthesia and motor nerve 
disturbances. The blood-vessels, lymphatics and salivary glands are well 
covered. The final chapter discusses the structures affected in maxillo-facial 
war injuries and the role of the dentist in their care correlated with that of the 
plastic and general surgeon. 

The many photographs, illustrations and roentgenograms are excellent and 
the format of the text is well arranged. L. C. 


Essentials of Proctology. By Harry E. Bacon, B.S., M.D., F.A.C.S., 
F.A.P.S., Profe.ssor and Head of the Department of Proctology, Temple 
University Medical School and Hospital; Head of Department of Proctol- 
ogy, St. Mary’s Hospital; Consulting Proctologist, Rush Hospital, National 
Stomach Hospital, Douglass Hospital, Mercy Hospital, and Paul Kimball 
Hospital, Lakewood, N. J.; Fellow, International College of Surgeons. 
Introduction by Curtice Rosser, B.A., M.D., F.A.C.S., F.A.P.S., Profes- 
sor of Proctologj'', Baylor University, Dallas, Texas. Pp. 345; 168 Ulus. 
Philadelphia, London, Montreal: J. B. Lippincott Company, 1943. Price, 
S3.50. 

All the essentials of proctology are given in this admirably readable form. 
Information is sufficiently detailed to make it of value to the_ surgeon, yet 
concise enough to be of value to the student and general practitioner. 

Embryologic, anatomic and physiologic considerations related to proctology 
are presented in a single chapter. An entire chapter is devoted to examination 
and diagnosis. Instruments and instrumentation are discussed. 

Thorough discussion of diagnosis and treatment are given on the following 
subjects: fissure in ano, cryptitis, anorectal abscesses, fistula, tuberculosis, 
proctitis and sigmoiditis, pruritus ani, hemorrhoids, foreign bodies, injuries, 
tumors, lymphogranuloma venereum, inflammatory stricture of the rectum, 
venereal disease, prolapse and procidentia, congenital anomalies of sacro- 
coccygeal region, papillitis, megacolon, and malformations. There are chap- 
ters on anesthesia and analgesia, and proctologic nursing. 

Diagnostic and therapeutic concepts are presented in well-labeled illustra- 
tions. There are several excellent tables emphasizing points in the differential 
diagnosis of various anorectal and colonic diseases. ^ • 


An Introduction to Medical Mycology. By George M. Leavis, 
Member of the American Dermatological Association, Inc.; Fellow of the 
American College of Physicians, of the American Medical Association and 
of the NeAv York Academy of Medicine; Member of the New York Derma- 
tological Society and of the Manhattan Dermatological Society; Associate 
Attending Physician (Dermatology), The New York Hospital; Assistant 
Professor of Clinical Medicine (Dermatology), Cornell University Medical 
School; Attending Dermatologist to St. Clare’s Hospital; Visiting Dermi^ 
tologist to Welfare Hospital, etc.; and Mary E. Hopper, M.S., Re.search 
Fellow in Medicine, Cornell University Medical School. Second ed. 
Pp. 342; 77 plates (1 in color). Chicago, 111.: The Year Book Publishers, 
Inc., 1943. Price, 86.50. 

The fact that this edition became necessary within the short period of 
4 y^rs after the first speaks for the popularity of this book. This is a neiv 
edition, not a revision. Noav materials have been introduced, commensurate 
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with fresh developments since the first edition, and it is clear that many short- 
comings that are inevitable in any first edition have been corrected. 

The authors have done well in keeping the contents confined to mycologj’^ 
in its laboratory aspects, and are to be complimented in keeping it up to date. 
It continues to be unique and adequate in its field and indispensable to the 
dermatologists. F. W. 


Kaiser Wakes the Doctors. By PAirii De Kruif. Pp. 158. New York; 

Harcourt, Brace & Co., 1943. Price, $2.00. 

Henry J. Kaiser evolved a plan of prepaid medical service for the workers 
in his industries on the West Coast. This plan, carried out by Dr. Sidney 
Garfield, for the sum of 7 cents a day voluntarily contributed by Kaiser’s 
men, gives them complete medical attention. According to the author, who 
writes with almost exhausting enthusiasm, the plan is very successful and 
should “wake the doctors” (i. e., those not already awakened) to the pos- 
sibilities of medical care being equitably distributed among rich and poor 
alike in all sections of the country. This is a timely and controversial subject 
Avhich makes interesting reading. J. L. 


Reconstructive Surgery of the Eyeuds. By Wendell. L. Hughes, 

M.D., F.A.C.S., Hempstead, N. Y. Pp. 160; 36 plates. St. Louis: C. V. 

Mosby Company, 1943. Price, S4.00. 

The various procedures used in the plastic repair of eyelids are here illus- 
trated by cases from the author’s practice. The work was originally presented 
as a thesis for the American Ophthalmological Society. It gives a compressive 
review of the literature on the subject for reference and provides a good 
reference work for the surgeon who has many of these cases to do. 


NEW BOOKS 

Laboratory and Clinical Studies from the Memorial Hospital for the TreatmerU 
of Cancer and Allied Diseases. New York Citjc Vol. XXIII, Parts 1 and 2. 
1942. Price, 25(1 each. 

Principles and Practice of Rehabilitation. By John Eisele Davis, M.A., 
Sc.D., Veterans Administration Facility, Perrj' Point, Md. Pp. 211; 
6 tables. New York: A. S. Barnes & Co., Inc., 1943. Price, S3.00. 

Experimental Surgery. A Laboratory Guide for Undergraduate Students. 
By J. M. McCaughan, B.S,, M.D., Ph.D., Assistant Professor of Surgery, 
St. Louis University School of Medicine, St. Louis, Mo. Pp. 82; 32 figs. 
St. Louis: The C. V. Mosby Company, 1943. Price, S2.00. 

The author has rendered an important contribution by preparing a detailed labor- 
atory guide for the instruction of students in surgical principles and technical pro- 
cedures. It is recognized that instruction of animal surgery sometimes appears to 
place undue emphasis on the importance of surgical technique without recognizing 
the indispensability of e.vperience in diagnosis and surgical jud^ent, but the author's 
method of approach ^ards against this pitfall. The plan of instruction emphasized 
the fundamental considerations of inflammation and repair and opens the eyes of the 
students to the alterations in physiologic mechanisms which follow anatomic altera- 
tions. Each exercise concludes with a number of questions and extensive bibliography 
which tend to encourage thought as well as action. Since this manual is quite unique 
it should find wide usefulness in surgical teaching. J. L. 

Experimental Biochemistry. By George D. Essinger, M.S., Ph.D., Associate 
Professor of Chemisfcrjq Chicago College of Dental Surgerjq Dental School 
of Loyola University, Chicago, III. Pp. 108; 9 figs. St. Louis: The C. Y. 
Mosby Company, 1943. Price, $1.50. 

This abbreviated laboratorj' manual of Biochemistry is designed for a short course. 
Most of the usu.al qualitative tests connected with carbohydrates, fats and proteins 
are given. No quantitative experiments for blood are included and only a few for 
urine. The quantitative determination of calcium in enamel is described. The 
manual .apparently is intended for use with students of dentistry and certainly would 
not be suitable for a course in biochemistry given to medical students. 

J. .1. 
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Prelude to Sanity. By S. Greiner. Pp. 164. Published and Distributed by 
Master Publications (Bo.x 647), Ft. Lauderdale, Fla., 1943. Price, 83.00. 

A highly provocative attack on current biologic views, that contains more words 
and theories than supportive evidence. It, however, should contain interest for 
those who like this type of presentation. E. K. 

A Medical Bibliography. A Check-list of Texts Illustrating the History of the 
Medical Sciences. Originallj’’ compiled by the late Fielding H. Garrison, 
M.D., and now revised, with additions and annotations, by Leslie T. Mor- 
ton, Librarian, St. Thomas’ Hospital Medical School. Pp. 412. London: 
Grafton & Co., 1943. Price, £2.10s. net. 

White Blood Cell Differe7itial Tables. By Theodore R. Waugh, B.A., M.D., 
C.M., Pathologist-in-Chief, Royal Victoria Hospital; Associate Professor of 
Pathology, McGill University; Consulting Pathologist, Montreal Homeo- 
pathic Hospital, Montreal, Quebec. Pp. 126. New York, London: D. 
Appleton-Century Company, Inc., 1943. Price, 81.60. 

This booklet of tables is successfully designed for tlie convenience of those having to 
report many “leukocytes and diflerontials” and laudably desiring to give the absolute 
rather than the relative (percentile) numbers of the different varieties. The 100 
tables range from 10 to 10,000 leukocytes per c.mm., each giving the value for each 
percentage. Thus, on the page for 7000 white blood cells, 1% of a given variety 
obviously equals 70; and 37%, less obviously, 2590. Familiarity with the book is so 
easily acquired that where much of this work is done, it should quickly pay time and 
energy dividends. E. K. 

The Human Eye in Anatomical Transparencies. Explanatory Text by Peter 

C. Kronfeld, M.D., Director of Education, the Illinois Eye and Ear 
Infirmary, Associate Professor of Ophthalmology, The Universit}" of Illinois; 
Assistant Professor of Ophthalmology, Northwestern Universit 3 L Anatomi- 
cal Transparencies bj'’ Gladys McHugh, Medical Illustrator, University 
Clinics, The University of Chicago. Historical Appendix by Stephen L. 
Polyak, M.D., Professor of Anatomj’-, The Universit}’’ of Chicago. Pp. 99; 
53 black and white illus., 34 colored transparencies. Rochester, N. Y.: 
Bausch & Lomb Pre.ss, 1943. Price, 86.50 (limited distribution). 

Pain. Proceedings of the Association for Research in Nervous and Mental 
Disease, December 18 and 19, 1942. New York. Vol. XXIII. Editorial 
Board, Harold G. Wolff, M.D., Chainnan; Herbert S. Gasser, M.D., 
Joseph C. Hinsey, Ph.D. Pp. 468; 116 illus.; 19 tables. Baltimore, Md.: 
The Williams & Wilkins Company, 1943. Price, 87.50. 

Psychological Medicine. A Short Introduction to Psychiatiy. With an 
Appendix War-time Psychiatry. By Desmond Curran, M.B., F.R.C.P., 

D. P.M., P.sychiatrist and Lecturer in Psj'^chological Medicine, St. George’s 
Hospital, and Honorary Psychiatrist to the Maida Yale Hospital for Nervous 
Diseases, London, etc.; and Eric Guttmann, M.D., L.R.C.P. (Ed.), Neuro- 
psychiatric Specialist, Emergenej'^ Medical Service, etc. Pp. 188; 21 figs. 
Baltimore, Md.: The Williams & Wilkins Company, 1943. Price, 83.50. 

The Hospital in Modern Society. Edited bj'^ Arthur C. Bachmeyer, M.D., 
Director, University of Chicago Clinics; Director, Hospital Admini.stration 
Course, University of Chicago; and Gerhard Hartjian, Ph.D., Director, 
Newton Hospital, Newton Lower Falls, Mass. Pp. 768. New York: The 
Commonwealth Fund, 1943. Price, 85.00. 

Medical Clinics of North America. Philadelphia Number (November, 1943). 
Symposium on Medical Emergencies on the Home Front. Pp. 280. Phila- 
delphia, Pa.: W. B. Saunders Company, 1943. Price, 816.00 per year. 

Elements of Medical Mycology. By Jacob Hyams Swartz, M.D., Assistant 
Professor of Dermatology, Harvard Medical School and the Postgraduate 
School; Member American Dermatological Association, American Myco- 
logical Association; Dermatologist, Massachusetts General Hospital. Fore- 
word b3' Fred D. Weidman, Si.D., Professor of Dermatological Research, 
Universit 3 ’- of Penns 3 dvania. Pp. 190; 80 illus. New York: Gnme & 
Stratton, Inc., 1943. Price, .84.50, 
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Medical Genetics, and Evgenies. Vol. 2. By R. Ruggles Gates, Ph.D., 
D.Sc., LL.D., F.R.S., Marine Biological Laboratory, Woods Hole, Mass.; 
Laurence H. Snyder, B.S., M.S., Sc.D., Professor of Medical Genetics, 
The Ohio State University; and Earnest A. Hooton, Ph.D., Sc.D., Depart- . 
ment of Anthropology, Harvard University. Pp. 60. Published bj" 
Woman’s Medical College of Pennsylvania, Philadelphia, Pa., 1943. Price, 
$ 1 . 00 . 

This is the second volume of a series of lectures on Medical Genetics sponsored by 
an alumna of the Woman’s Medical College. It includes 3 lectures given to the public 
in the spring of 1943 at the College of Physicians of Philadelphia by R. Ruggles Gates 
(Our Ancestors, Ourselves, Our Descendants); Laurerjce H. Snyder (HereditJ" and 
Modern Life) : and Earnest A. Hooton (Human Heredity or Forbidden Fruit of the 
Tree of Knowledge). The names of the speakers guarantee the excellence of the 
pabulum provided. The third speaker, as usual, titillates his readers, like his audience, 
with thought-provoking as well as amusing “ Hootonisms.” Such a wit should com- 
mand a high price on the lecture platform, aside from the widening applicati 9 ns and 
increasing recognition of the importance of human heredity. Curiosity raises the 
question as to whether the “a” in his first name was given at baptism, or added by 
its possessor after his literary style became manifest. E. K. 

NEW EDITIONS 

Directory of Biological Laboratories. With Buyers’ Guide. Pp. 96. Pub- 
lished by Burns Compiling & Research Organization, 200 Railway Exchange 
Bldg., 80 E. Jackson Blvd., Chicago 4, 111., 1943 (issued annually). Price, 
$3.00. 

The 1943 edition of this annual publication identifies approximately SOO labora- 
tories concerned with biologic, bacteriologic or biochemical investigations. Research 
laboratories are included, also commercial consulting laboratories, and those related 
to manufacturing processes, the latter embracing food and nutrition products, vita- 
min products, organic chemicals and pharmaceuticals, biologicals, glandular products, 
and so forth. Personnel and professional data are shown for the laboratories listed. 
The Buyers’ Guido, occupying just one-halt of the Directory, gives a useful classified 
list of sources of supply for apparatus, equipment, instruments, materials, and so on. 

^ E. K, 

Pathological Histology. By Robertson F. Ogilvie, M.D., F.R.C.P. (Ed.), 
Lecturer in Pathologj'' and Assistant in Forensic Medicine, University of 
Edinburgh; Senior Pathologist, Royal Infirmary, Edinburgh; Pathologist to 
the Leith and Deaconess Hospitals, Edinburgh ; Examiner in Pathology and 
Forensic Medicine for the Triple Qualification. Second ed. Pp. 411; 235 
])hotomicrographs in color. Baltimore: The Williams & Wilkins Company, 
1943. Price, S9.00. 

The Foot. By Norman C. Lake, M.D., M.S., D.Sc. (Lond.), F.R.C.S. (Eng.), 
Senior Surgeon and Lecturer on Surgeiy, (Sharing Cross Hospital; Surgeon 
Bolingbroke Hospital; Consulting Surgeon, Emergency Medical Service; 
Director of Studies, London Foot Hospital; etc. Third ed. Pp. 432; 
136 figs. Baltimore; The Williams & Wilkins Company, 1943. Price, S5.00. 

A Synoysis of Surgical Anatomy. By Alexander Lee McGregor, M.Ch. 
Ed.), F.R.C.S. (Eng.), Lecturer on Surgical Anatomy, University of Wit- 
watersrand; Assistant Surgeon, Johannesburgh General Hospital. Fifth ed. 
Pp. 710; 696 illus. Baltimore; The Williams & Wilkins Company 1943. 
Price, $6.50. 

The Dysenteric Disorders. The Diagnosis and Treatment of Dysentery, Sprue, 
Colitis and Other Diarrheas in General Practice. By Sir Philip Manson- 
Bahr, C.M.G., D.S.O., M.D., F.R.C.P., Senior Physician to the Hospital 
for Tropical Diseases, Royal Albert Dock and Tilburj' Hospitals; Consulting 
Physician in Tropical Diseases to the Dreadnaught Seamen’s Ho.spital, 
London; Director, Dhdsion of Chnical Tropical Medicine, London School of 
Hygiene and Tropical Medicine; Consulting Physician to the Colonial Office 
and Crown Agents for the Colonies; Consultant in Tropical Medicine to the 
Admiralty and to the Royal Air Force; etc. Second ed. Appendix by 
W. John AIuggleton, M.S.AI., F.I.M.L.T., Technical Assistant. Pp. 629; 
108 illus. (9 colored). Baltimore: TheWilliams <fc Wilkins Companv, 1943. 
Price, $10.00, * ' 



140 


BOOK REVIEWS AND NOTICES 


Symploms and Signs in Clinical Medicine. An Introduction to Medical 
Diagnosis. By E. Noble Chamberlain, M.D., MiSc., F.R.C.P., Lecturer 
in Medicine, University of Liverpool; Physician to Out-patients, Royal 
Liverpool United Hospital, Royal Infinnary Branch; Visiting Physician, 
Smithdown Road Hospital, Liverpool. Third ed. Pp. 456; 346 illus. 
(19 colored). Baltimore: The Williams & Wilkins Company, 1943. 
Price, S8.00. 


NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 

Manuscripts intended for publication in the American Journal of the Medical 
Sciences, and correspondence, should be sent to the Editor, Dr. Edward B. Krumb- 
HAAR, School of Medicine, University of Pennsylvania, Philadelphia 4, Pa. Articles 
are accepted for publication in the American Journal of othe Medical Sciences 
exclusively, except in the case of subsequent publication in Society proceedings. 

Manuscripts should be typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have typed captions 
bearing corresponding numbers. For identification they should also have the author's 
name written on the margin or back. The recommendations of the American Medical 
Association Style Book should be followed. References should be numbered and at 
the end of the articles, arranged alphabetically according to the name of the first author 
and should be complete, that is, author’s name, journal, volume, page and year (in 
Arabic numbers) . 

Return Postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 


NEW NOTICE TO CONTRIBUTORS AND SUBSCRIBERS 

Activated by a directive from the War Production Board, we have changed the size of 
our type page for the "duration” to effect an economy in the amount of paper used. 
While there is a smaller number of pages, the amount of material has not been noticeably 
reduced. 

We hope that any unpleasant effect produced by cutting down the margins will be 
accepted and approved by readers as a temporary war casualty. It is possible that 
more radical changes will have to be made later, but we are loath to change any more 
than absolutely necessary, a format that has existed practically unchanged since the 
Journal began in 1820. 

For the balance of the war, 150 reprints will be supplied gratis. Covers will be omitted 
on all articles. In ordering additional reprints, we will supply in multiples of ISO- 
This modification is for the same reason as the change of format, t. e., conservation of 
paper. 


NOTICE TO SUBSCRIBERS AND ADVERTISERS 

We desire to secure several copies of the March and May 1943 
numbers of this Journal, in order to comply with requests and 
need for replacements in long library "runs.” The war situation 
has made it impossible to print extra numbers to supply this 
demand. We would be very grateful to anyone who would return to 
the Publishers any unmutilated copies of these numbers for which 
they have no further use, and we would be glad to repay postage. 
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OsTEODYSTROPHic changes in the bones such as osteosclerosis and 
fibrosis of bone marrow may be accompanied by a disturbance of the 
white blood cell picture, characterized by a high count and the appear- 
ance of immature elements in the circulation, as well as by leukopenia 
and anemia. Because of the blood changes, as well as splenomegaly 
and progressive' fatal course, the first observers^-^’^®’^® regarded such 
eases as instances of true leukemia, or at least, very closely allied with 
the latter condition. “Osteosclerotic leukemia’ ’ merits a special section 
in Henke-Lubarsch’s Handbook of Pathology.® However, more re- 
cently, there has appeared a tendencj’’ to separate all these cases from 
leukemia and to place them in a different group, known under a variety 
of names, such as chronic non-leukemic myelosis, megakaryocj'tic 
myeloid splenomegaly leuko-erj'throblastic anemia,-^ and so on. llie 
non-leukemic myelosis is similar to leukemia in many of its clinical 
and pathologic aspects, but has been adequately differentiated from 
the latter condition and established as an independent entity by recent 
investigations.®'®’^® As all reports indicate®'^®’®® the non-leukemic 
myelosis is frequently associated with osteodj^strophic changes. It 
seems important, however, to determine, especially from the prognostic 
standpoint, whether such changes do not also occur in leukemia. For 
that purpose, we have reexamined, paying special attention to the 
changes in the bone marrow, all cases in our laboratory which in the 
last 10 years were diagnosed as leukemia on postmortem examination. 
It must be mentioned, however, that possible instances of non-leukemic 
myelosis might have been included under this heading. 

Among our material, there were 82 cases of myeloid leukemia — 46 
of the acute or subacute, and 36 of tlie chronic variety, as well as 15 
cases of Ijunphatic leukemia. Of these 97, 7 showed considerable or 
even pronounced osteodystrophic changes— 2 in tlie subacute myeloid 
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group and 5 in the chronic myeloid. The subacute cases did not 
receive any specific therapy, whereas the chronic cases were subjected 
to radiation in varying amounts. Only 2 cases of the latter group are 
presented below; the other .3 showed changes very similar to those 
found in Case 3, and are therefore omitted for the sake of brevit 3 ^ 

Case Studies. Case 1. J. D., white, male, age 18; No. 486191 (P. M. 
12128). The patient was admitted to the Mount Sinai Hospital in July 1941, 
complaining of severe low back pain and fever. He was well developed for his 
age. There w'ere no significant phj'sical findings except for a moderate gen- 
eralized enlargement of the Ijunph nodes. The blood count showed: Hgb. 
80%, R.B.C. 4.12 mill.; W.B.C. 4650 (neutrophils 56 %, Ijrmphocytes 42%, 
monocj'tes 2%), no abnormal cells in the .smear. Enteric fever and infectious 
mononucleosis were considered, but the temperature dropped promptly, the 
pain subsided, and the patient was discharged with the diagnosis of the 
grippe. He was readmitted in 5 Aveeks AA'ith pain in the left chest and feA'^er. 
The enlargement of the lymph nodes AA'as more prominent, the spleen and 
liver became palpable AAdiile under observation. The blood count rcA^ealed: 
Hgb. 62%, R.B.C. 3.07 mill., W.B.C. 4050 (myeloblasts 8%, non-segmented 
neutrophils 11%, segmented 20%, Ijunphncj^es 54%, monocj^tes 4%, eosino- 
phils 2%, plasma cells 1%, normoblasts 2 per 100 W.B.C.), platelets 40,000. 
Sternal aspiration shoAA'ed an almost completely mj'eloblastic bone marrow, 
thus establishing the diagnosis of myeloblastic leukemia. Roentgen ray 
examination of the ribs AA'as entirely negative. The Wassermann reaction gave 
negative results on repeated occasions. 

From September 1941 until the time of his death in March 1942, the patient 
AA'as under observation in the hospital and in the hematology clinic.' His AA'hite 
count alAA'ays remained Ioaa', sometimes dropping to 700 and never rising above 
13,000. In October 1941 the blood count AA'as as folloAvs: Hgb. 58%, R.B.C. 
3.0 mill., W.B.C. 7300 (myeloblasts 44%, promyeloblasts 1%, myelocytes 
3%, non-segmented neutrophils 5%, segmented 4%, Ij'mphocytes 36%, mono- 
cj'tes 3%, eosinophils 1 %, 6 normoblasts and 1 erythroblast per 100 W.B.C.). 
The patient AA’as sustained by repeated blood transfusions, yet his hemoglobin 
continued to drop, especially during the numerous febrile episodes. He de- 
A'eloped left purulent otitis media and mastoiditis which AA'ere teniporarily 
held in check by sulfonamides, but eA'-entuall}' flared up and apparentlj"- became 
the starting point of the terminal sepsis. On his last admission his Hgb. was 
23%, W.B.C. 800 (20% myeloblasts, 1% myelocj'tes, 2% non-segmented 
neutrophils, 14% segmented, 62% lymphocytes and 1 % monocj'tes). In spite 
of sulfathiazole administration, the temperature rose to 106° F. and the patient 
died 8 months after the onset of first sj'mptoms. 

Autopsy (5 hours after death). Only pertinent findings are recorded. The 
body was pale and emaciated. Numerous petecbise AA'ere found OA'er the trunk 
and extremities; the gums AA'ere coA'ered AA'ith clotted blood. 

Heart: Dilated, verj' flabby and pale. The myocardium shoAved diffuse 
3'ellowish mottling caused by focal fatty changes in the muscle. Microscopic 
collections of mj’eloid cells AA'ere found Avithin the epicardium. 

Lungs contained scattered and confluent areas of bronchopneumonia, espe- 
cially numerous in both loAA'er lobes. These areas AA'ere slightly raised, drj', 
and A'aried in color from gray to dark red. SeA'eral pinhead-size abscesses Avere 
found in the right upper lobe. The hilar Ijmph nodes Avere moderately en- 
larged, soft and anthracotic. Microscopically, the alveoli AA'ithin the pneumonic 
areas were filled AA'ith fibrin together with a varying admixture of red cells and 
young myeloid cells but very feAV polj'morphonuclears. There AA'ere many 
small focal collections of m3'eloid cells around the bronchi. 

Liver weighed 2360 gm. The capsule was smooth and broAvn in color. Under 
the capsule and throughout the parenchj'ma, there AA’ere scattered numerous 
pinhead-sized abscesses filled AA’ith creamj' yellowish pus. The lobular archi- 
tecture of the liA'er AA'as blurred, though there AA'ere manj' grajdsh dots and 
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wliicli nmiml Ui (lorroiiioiid vviUi iUa iio.npot'inl nrcMf!, Micrtimipically, 
liifii'f! wtlliilnr idlill.mf.iftii of I, lie, iitinjioi'Uil i\(Mn, inatiy of wliicli 

wal'd aimi‘'ii\ani\i)y aiilni'ifad. In ii(l(lili(>ii to }yiiii>lioi!yt(:n, thant wara iiIho 
iiiiirKit’oiDf, yoiiiiK ifiyoloifi aolli', (triyololddc.fM iukI diyolocyl-f!!!). ^'lio Hiinifioidfi 
wai'd aoiiya/McA, I nil. ol,li(irv/in(i iiof. iiivolvod. ^I’lio Kiiiilfor col In wore pi'oiiiiiiinit.. 
'I'lio ii.liiina/'Mdi! will'd oftdii niii'i'oiiinldil liy collocMonn of f/iycloid coIIh nod mrin!) 
coIIm wiUi dnric inicloi luid iiciuily oyfopiiinin, oiUiOf Jyinplinoyfcn or niyincid 
iiiyololiliif'.fo, 'I'lioro woro no iii(:(/ii.k(ii'yooyf,on or oryf.lirolilnnfn, Ntinioroiin 
l/i'/iiiiiliiii of lidiiioii'iildi'iii will'd found IjoUi wllliin tiinl oiifnldo of tin: livin' colln. 
' H'ldmu 'l/iiiy.o ('vvoiidd. fiOO (/'»■)• Hov'c.ral yollowinli wlilfo infnrcfn woro 
oiniorvod iioar Mio iippor polo, On coal, Ion, flio ciil. aiirfaoo wan modorafoly 
(inn aiul (lari; rod in color, 'I'lio (.ridiociilic woro dinUnef, 'I’lio IVIalpiKliian 
ciii'iniaoloi! woro, fairly niinioroiin Inif. vnyy aniall, (fndor f.lio nn'c.riiiir.o'nr. Il, 
could lie noon I, lull, Uio arcliilocl.iiro wan raUior well pronorvod, UioiikIi liol.li llio. 
rod and l,lio vvliifo pulp woro in(ll(ral.od wiUi very youn^^ niyoloid colln, 'I'lio 
Infill, ral, Ion wan focal raUior l.liaii diffiino aiul onpocially proininonl, in I, lie 
porifolliciilar zoiion, Ofl.o,n l,lio, foci of infill, ral.ion conniniod of ninid! fryoiijiH of 
iai'KO, very itiuiud.iiro colln wil.li lai’Ko vcniciilar niiclin mirroiiiidod by aniallor 
niyoloblantn and niyolocyfcn. In addition to the niyoloid colln tlioro wan a fair 
niitiibor of nnattorod nio|/al{aryocytoaand nniall nontnof o,rytliroblantH. lloitio- 
nidorin wan found in larj/o qiiarititioa, botli intracolliilar and oxtracolliilar, 
l/HWph 7ioili:ii, including tlio periaortic, poripancroatic, portal and iiionoiitoric, 
woro Itu'uji nioaniirini/ up to 2 cm, in dianiobn', 'I'lioy woro noft in coiaiintoncy 
and piiildnli rod in color, 'I'bo cut niirfaco liiul a lionioy.oiioiiH roddinb (p’ay 
a.pjioaranco. M'lc.riimi'iiinoll'ii, all of tlio oxaininod lympli iiodon nliowod a 
dilfiino myeloid motaplania witli more or Iona pronoiincod obliteration of tlio 
normal arcliilo.cturo. 'I'boro woro no orytlirobluntn or inoj'akaryocy ton, 

Horn Mfiri'ovi! Hocauno of tlio limited porminnion^ only tlio vortobral 
column wan oxaininod, 'I'lio bony trabcciilation wan dintmot tliroiif!;lmiit, 'I'lio 
marrow wan rod and molnt but in many aroan it ajipoarod pale, dry, and (p’a.vinli 
in colm', M'ii:riimi'/)ii: noctiona at different loyiila abowoil a nomowliat yaryiiif.': 
jiiotiiro (l''iy,i'., I and 2), In fyuuiral, tlioro war. a. widoniii); of tlio trabociilio, 
blit tlio intortrabociilar aiiiicoa dirl not apjioar t<i bo narrowod, 'I’lio iiormai 
marrow bad ciaipilotoly iliaappoarod. In moal, of tbo Hoclioim it waa roplacod 
by yory looao oomioctiyo tiaaiio aiiri'oiindinfi; wide yaaciilar apacoa, Wil.liin tlio 
moalioa of the connoctiyo tiaaiio, tliorc waa baiiid a amall mimbor of myeloid 
colla, occaaiona.1 orytliroblaata and, very rarely, moKaltaryocylroa, In jilacoa, 
the moalioa woro filled with piiikiali atainod liomoKoiioiia matorial. In otiior 
aoctioiia, the jiroccaa of_ marrow ronlacomont appeared |.o liayo ))rojcroaaod 
fiirtlior tlian in tlio provimia oaao, 'I'bo vaaciilar apacoa woro loaa proininonl., 
tlio connoctiyo tiaaiio mncli donaor, tbo bone marrow colla almoat totally abaoiil.. 
In tboa.o arena tlioro waa alao fm'inittion of now bone trabociilio, 

I''ocal colloctiona of myidoid colla woro alao fmiiid in tbo l:i<hii:iiii and tbo 
7«/7/mm'. 'I'liiu'ir.inii allowed I, wo amall ulcor/d.ionaaiirroimdod by lympbocytoa, 
niyoloid colla, and yory few noiitropbila, Tunlrii woro amall and iiiidordovokipod • 
tbo tnbiiloa woro aoparatod by a larjq! amount of oolliiliir connoctiyo tiaaiio, ami 
allowed no aporniato(/;onoaia, 

CAim'i, l/,S„wbiio, male, a|/o(l7;No,4H():{n(l’, M. KHflK), lO.xcopt for a 
"noryoiia broakdowii" a year before admiaaion, tbo patient waa alwaya well, 
l''or tbo paat (1 imnitba bo noted fro(|nont appoaranco of ‘‘blao.k and blue mark.a" 
witlioiit anydbviona canaco 'I'bia waa acoomiimiio.d by incroiiaiii)' fatip,ability 
and jialpilation of tbo boart, A mild uttaclc of coiiidi about 2 wooka prior 1o 
admiaaion waa followed by noraiatont aovoro lofl-aidod boadacbo, ropoatod 
noaoblooda and markod woaknoa.a witb nifdit awr-ala. On admiaaion, tbo 
baniioratliro waa 101 " k',, piitao 120, 'I'boro woro niinioroiia lairjairic apola over 
both olbowa, 'I'bo. fundi abowod flamo-abni>od and ))imclalo bomorrbim'oa, A 
aloni'binc; tiloor and niiiKipjo bloodinj' pointa woro found on tbo ('um.a, 'I'lio 
boart waa onlarp;od, witb apical and banal ayalolio mmiiiiir. 'I’bo aploim roiicliod 
•I fiiijn'ibroadtba and tb(> liver I liiiy.orbroadtb below tbo coatal arclioM. 'I’boro 
waa a pitting odoma of bol.b ankloa, 'I'Ik! iiubcnlaiiooiia lynipb iiodoa woro not 
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conspicuously enlarged. The blood count showed: Hgb. 34%, R.B.C. 1.3 
mill., W.B.C. 8500 (31% segmented neutrophils and 2% non-segmented, 4% 
monocjdes, 63% indeteimined mononuclear cells and 2 normoblasts per 100 
nucleated cells) ; platelets 80,000. A bone marrow biops}"^ showed replacement 



Fig. 1. — Case 1. Bone marrow, subacute myeloid leukemia. Replacement of the bone 
marrow by loose connective tissue and a few newly-formed bony trabeculoe. 75 X- 
Fig. 2. — Case 1. Bone marrow. Note the scattered myeloid cells. 360 X* 

Fig. 3. — Case 2. Bone marrow, subacute myeloid leukemia. Replacement of the 
normal marrow by cellular connective tissue and numerous myeloid cells. 75X- 
Fig. 4. — Case 2. Bone marrow. 360X. 

of the normal marrow by young connective tissue and young myeloid cells_ in a 
manner similar to that seen at autopsy. In spite of several large transfusions, 
the patient went rapidly domihill. His temperature rose to 104° F. in the 
next 4 days and remained at that level until his death, 9 days after admission. 
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Autopsy {2h hours after death). There were scattered small petechial spots 
over the chest and over both arms and thighs. The gums appeared spongy and 
showed ulceration at the base of the lower incisors. Small petechial hemoi- 
rhages were found throughout the gastro-intestinal tract. 



Fig. 5. — Case 3. Bone marrow, chronic myeloid leukemia treated with radiation. 
Fibrosis witli islands of leukemic myeloid cells. 75 X . 

Fio. C. — Case 3. Bone marrow. 3C0X. 

Fig. 7 . — Case 4. Bone marrorc, chronic non-leukemic myelosis. Marked osteosclerosis 
and partial fibrosis. Note the enormous number of newly-formed bone tinbcculie and 
large areas of cellular marrow of normal composition. 95X . 

Fig. 8. — Case 4. Bone marrow. 15X. 

^ Heart: Enlarged, weighing 500 gm. The pericardial sac contained about 
75 cc. of clear, serous^ fluid. There were a number of petechial hemorrhages in 
the parietal pericardium. A few petechite were also found under the endo- 




146 


CHUKG, wachstein: 


cardium of the right and left auricle. The right ventricle was moderatelj’-, and 
the left ventricle markedty hypertrophied. All chambers of the heart were 
dilated. The mjmcardium of both ventricles was flabby, grayish brown in 
color, with areas of j’^ellovish streaking. 

Lungs: Over the posterior aspect of the right lung there was a continuous 
hemorrhagic area, 12 b}" 3 cm., extending for about 0.5 cm. into the paren- 
chjmia. Otherwise the lungs showed evidence of emphysema and, micro- 
scopically, focal infiltration of alveolar walls by young mj’-eloid cells. 

Liver (weight 2500 gm.) was enlarged and flabby. The cut section presented 
a, distinct lobular architecture. The periportal fields were wide, brownish 
3'ellow and slightlj'' elevated. The central zones were reddish brown and de- 
pressed. Under the microscope, the periportal fields were rather denselj" 
infiltrated, while the sinusoids contained onl3’- a few scattered abnormal cells. 
The infiltration consisted partlj’’ of large cells with large clear nuclei, partly of 
small cells with dark nuclei and scanty cj^toplasm. Only a few maturing white 
elements were seen. There were no erythroblasts or megakaryocytes. 

Spleen (weight 1800 gm.) was markedly enlarged and firm in consistency. 
The surface was purplish blue with irregular grayish white thickening of the 
capsule. The cut surface was light red in color, with irregular but well de- 
marcated darker red areas, from pinhead to 2 cm. in diameter, scattered 
throughout the pulp. Microscopically, the spleen vvas denselj'^ infiltrated by 
cells similar to those found in the liver. Onty a few of these cells gav'e a positive 
oxydase reaction. The Malpighian corpuscles could not be recognized. There 
were no foci of e.xtramedullarj’’ blood formation. 

Kidneys had a faintlj' gi-anular surface. On microscopic examination they 
showed .small scattered nests of mj'eloid cells. 

Lymph Nodes: The abdominal and thoracic nodes were enlarged and meas- 
ured up to 2 cm. in diameter. The cut surface was pinkish in color with 
irregular grajdsh areas. Microscopically, the normal arehitecture was pre- 
served in places, but mostty obliterated by diffuse infiltration of m3’'eloid cells. 
There were no erythroblasts or megakar3’’0C3’’tes 

Bone Marrow: Sections through the lumbar vertebrae showed the usual 
bon3'' trabeculation. The marrow was gra3nsh red with scattered lighter yel- 
lowish areas. The sternal marrow' was likewise gra3ish red and dr3'. Under 
the microscope (Figs. 3 and 4) the normal marrow had almost completely 
disappeared. The marrow' spaces were filled with young myeloid cells, con- 
gested v'ascular channels and 3'oung connective tissue, in v'arying proportions. 
With the Mallor3’' stain, the connective tissue fibers formed a dense network 
betw'een and around the m3'eloid cells, and in places, aggregated into larger 
fibrous areas. A few islands of fatty marrow' w'ere also present. 

Case 3. M. T., white, male, age 47, No. 482527 (P. M. 12048). The patient 
was in apparent good health until the end of November 1940, when the present 
illness began w'ith fainting spells and passing of tarry stools. Gastric ulcer w'as 
suspected but not confirmed on Roentgen ray examination. At that tune an 
enlarged spleen was noted in Roentgen ra3’' films. Because of progressive bss 
of strength and w'eight the patient was hospitalized in March 1941. The 
ph3'sical exa min ation rev'ealed enlargement of the liv'er and spleen, the Jitter 
being the size of a grapefruit, and the former reaching 3 fingerbreadths below' 
the costal arch. There w'ere no palpable peripheral lymph nodes. Stool gave a 
positiv'e test for occult blood. Repeated blood counts showed: Hgb. 80%, 
R.B.C. 4.7 to 4.85 mill., W.B.C. 79,600 to 132,000 (segmented neutrophils 
37%, non-segmented 9%, metam3'eloc3'tes 9%, myelocytes 10%, prom3'elo- 
054^ 10%, m3'eloblasts 7%, eosinophils 3%, basophils 7%, lymphocytes 8^. 
Aspiration of sternal marrow w'as performed and showed: myeloblasts 11%’ 
neutrophilic m3'eloc3i:es 56.5%, eosinophilic 4%, basophilic 1.5%, neutrophils 
27%; there was onty 1 ei^dhroblastic cell per 100 w'hite cells. Diagnosis of 
m3'eloid leukemia was made and the patient was discharged after 1 Roentgen 
ra3' treatment to the left flank. In June 1941 a series of 6 Roentgen ra3' treat- 
ments to the spleen was administered in another institution (3 times a week, 
100 rx3, anteriorty and posteriorty). The blood count before the treatment 
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was Hgb. 88%, R.B.C. 4.32 mill., W.B.C. 131,200 (myelocytes 4%, metamyelo- 
cytes 7%, neutrophils 70%, basophils 3%, monocytes 1%, lymphocytes 15%, 
nucleated red cells 4 per 100 W.B.C.) . The white blood count dropped rapidly 
and at the conclusion of the irradiation series was below 10,000. Three weeks 
after the treatment the blood count was Hgb. 65%, R.B.C. 3.39 mill., IV.B.C. 
5000 (neutrophils 75%, monocytes 3 %,_l 3 Tnphocytes 22%). The drop in the 
red blood cells and white blood cells persisted on all subsequent examinations. 

At the time of admission (September, 1941), the liver reached 3 fingers and 
the spleen 6 fingers below the costal margin. There was no adenopathy. A 
flame-shaped hemorrhage was present in the fundus of the left eye. Blood 
count showed: Hgb. 64%, R.B.C. 3.36 mfll., W.B.C. 1400 (myeloblasts 2%, 
myelocytes 10%, non-segmented 17%, segmented neutrophils 46%, basophils 
1%, monocytes 2%, lymphocytes 25%, plasma cells 1%, nomoblasts 1 per 
100 W.B.C.; platelets 50,000; Roentgen ray examination of the bones revealed 
"several small osteoporotic areas in the distal end of the right femur, just 
above the condylar region, and in the proximal half inch of the right tibia. 
There is also a suggestion of osteoporosis of the descending ramus of the right 
pubic bone. The significance of these findings is not determined. In ^^ew of 
the clinical findings of leukemia, these are probably due to leukemic infiltra- 
tions. There is no periosteal elevation.” 

During his stay in the hospital, the patient developed a transient jaundice. 
Despite a temporary improvement after transfusions, the course was rapidly 
downhill. On his second admission in December 1941, the patient had fever 
and ascites. Both the liver and spleen were enormously enlarged, reaching 
down to the iliac crests. Blood count showed: Hgb. 58%, R.B.C. 3.2 mill., 
W.B.C. 7800 (myeloblasts 30%, neutrophilic myelocytes 3%, basophilic 1%, 
non-segmented neutrophils 12%, segmented 39%. monocytes 1 %, lymphocytes 
12%, plasma cells 2%); platelets 5000. The sternal marrow (aspiration) was 
predominantly myeloblastic as seen in leukemia. Patient became progressively 
more drowsy and died in pulmonary edema 13 months after the appearance of 
the first symptoms. 

Autopsy (2 hours after death). Liver: Markedly enlarged (weight 2800 
gm.). The consistency was softer than normal and the edge was rounded. 
Under the transparent capsule and throughout the liver on cut section, there 
were scattered numerous discrete and confluent, slightly depressed dark red 
areas, irregular in outline and varying in size from that of a pinhead to 2 cm. 
in diameter. These areas were more numerous in the left lobe and more prom- 
inent in the subcapsular region. The intervening liver parenchjma was yel- 
lowish brown with an occasional pin-point grayish area. The lobular structure 
was fairl 5 '’ distinct. On microscopic examination it could be seen that the dark 
red areas were caused by extensive focal hemorrhages with necrosis of liver 
cells. Otherwise the parenchyma appeared fairly normal except for a moderate 
degree of fatty infiltration. The sinusoids were dilated and contained myeloid 
cells, single and in small groups. Though the predominant cell was the myelo- 
blast, myelocytes were also seen. There were many cells in mitosis. The 
Kupffer cells were prominent. The portal fields contained occasional small 
collections of Ijmphocj'tes, but were entirely free of leukemic cell infiltration. 
Nowhere were there any signs of extramedullary hemopoiesis. 

Spleen weighed 880 gm. and was moderately firm. The surface was smooth 
and dark bluish purple. The cut surface presented a homogeneous fleshy 
reddish brown appearance; only the trabeculte but not the follicles could be 
made out. A cherri’^-size accessorj'^ spleen of a similar structure was found near 
the hilus. Microscopic examination: The Malphigian corpuscles were verj'' 
small. The section had a rather homogeneous appearance caused by a diffuse 
infiltration of the pulp b 5 ^ myeloid cells. The infiltration was moderately 
intense so that it did not obscure the vascular pattern of the red pulp. The 
sinusoids were clearly discernible; many of them contained small groups of 
myeloid cells. The amount of fibrous tissue was definite^ increased through- 
out the spleen. Silver stain brought out the dense neBvork of reticulum fibers 
mamlj’ in the peritrabecular zones. Sections of the accessoiy spleen .showed 
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less fibrosis but a more pronounced infiltration bj’' myeloid cells. There were 
no foci of extramedullaiy blood foimation in the spleen or in the accessory 
spleen. 

Lymph Nodes: The periaortic, peripancreatic and portal l 3 Tnph nodes were 
enlarged, grayish in color and soft in consistenc 3 ^ The cut surface appeared 
moist and cellular. Microscopically, all of the examined lymph nodes showed 
leukemic involvement of var 3 ’-ing degree. In those most markedly involved, 
the normal architecture was considerably obliterated, thougli a few lymph 
follicles could still be seen beneath the capsule. The cortex between the fol- 
licles as well as the medulla were infiltrated b 3 ’’ m 3 'eloid cells. The infiltration 
was diffuse, but not very dense, so that a considerable number of lymphocytes 
could still be seen between the m 3 'eloid cells. A number of giant cells with 
pink cytoplasm and multilobulated nuclei wei-e scattered throughout the lymph 
nodes. Some of these cells bore a close resemblance to megakaryocytes. 
There were no er 3 dhroblastic elements. In other lymph nodes the leukemic 
infiltration was less intense and was limited mainl 3 ’^ to the medulla, leaving the 
architecture practically undisturbed. 

Bone Marrow: Because of the limited permission, examination was confined 
to the lumbar vertebra). On section, the boiy^ trabeculation appeared normal, 
while the marrow between the trabecula) w’as gra 3 'ish, rather finn and dry. 
On microscopic examinnlion (Figs, o and 6) the bony trabecula) were normal in 
width and number. The cellular as ■well as the fatty marrow were completely 
replaced by a network comijosed of fibroblasts and delicate fibers which assumed 
blue color with the Mallory collagen stain and black color after silver impregna- 
tion. The meshes of this network contained a fair number of leukemic myeloid 
elements together with occasional nasts of eiythroblastic cells and very few 
megakaryoc 3 ’'tes. 

All other organs .showed no .significant changes and no leukemic infiltrations. 
The lungs presented a healed primar 3 ’^ tuberculous focus with calcified tracheal 
l 3 Tnph nodes. 

Case 4. M. D., white, female, age 00; No. 294180 (P. M. 6365). The 
patient was first seen at the Mount Sinai Ho.spital in 1914, when she underwent 
hysterectomy for uterine fibromyomata. At that time there was apparently 
no splenomegaty or hepatomegaty. In 1920, she was readmitted because of 
severe pain in the left upper quadrant, loss of appetite and weakness. The 
spleen and liver were markedly enlarged, the foimer descending down to the 
umbilicus and being tender to palpation, and the latter reaching 3 fingers below 
the costal arch. The inguinal l 3 Tnph nodes were slightty enlarged but there 
was no generalized lymphadenopath 3 ^ Blood count showed: Hgb. 72%, 
R.B.C. 4.17 mill., W.B.C. 9800 (neutrophils 68%, eosinophils 0.5%, basophils 
0.5%, myelocytes 13.5%, myeloblasts 5%, lymphoc 3 ’^tes 10%, monocytes 
2.5 %, a few normoblasts in the smear) ; platelets 250,000. On that basis tne 
diagnosis of leukemia was accepted as most likely. 

After discharge from the hospital, the patient was observed in the hem- 
atology clinic until 1928. She was given Roentgen ray treatments, thougn 
wdth little success. Her liver and spleen continued to enlarge, the latter fre- 
quently being very tender. The general condition deteriorated, at first slowly 
and then rapidly. Hgb. and R.B.C. gradualb'^ dropped to 50% and 3.2 
respectively; W.B.C. varied between 8200 and 39,000 (50 to 60% neutrophils, 
10 to 20% m 3 ’’elocytes and 8 to 11 % m 3 ''eIoblasts). The platelet count always 
remained within the normal limits, around 200,000 to 250,000. Because ot 
weakness and marked emaciation, she was again admitted to the hospital m 
August 1928. Despite transfusions, her anemia rapidly progressed. 
remained as previou! 3 ly, though on one occasion it rose to 125,000 (80.5% 
neutrophils, 10.5% m 3 ’’elocytes, 3% myeloblasts, 3.5% lymphocytes, 1% 
monoc 3 ’tes and 19 normoblasts per 100 W.B.C.). The patient developeu 
pneumonia which, together with increasing cachexia, led to her death 3 weeks 
after admission. The total duration of her illness Avas over 8 years. 

Autopsy (11 hours after death). Heart: Moderatety enlarged. The coro- 
nar3'^ arteries were sclerotic. The m3mcardium showed scattered areas of fibrosis 
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and fatt}’- changes in the muscle fibers. The capillaries were dilated and con- 
tained many myeloid cells, both young forms and polymorphonuclears. Under 
the epicardium there were small focal collections of similar cells. 

Liings: Both lower lobes contained diffuse areas of bronchopneumonia. 
These showed abundant fibrinous exudate and numerous polymorphonuclear 
leukocytes as well as young myeloid cells. Numerous giant cells with dark 
pleomorphic nuclei were found in all microscopic sections. Focal infiltrations 
by myeloid cells were seen in the peribronchial and perivascular areas. 

Liver (weight 1800 gm). The right lobe was elongated and enlarged. The 
surface was smooth. On section the parenchyma presented a waxy reddish 
appearance with occasional grayish streaks. On microscopic examination, the 
sinusoids were dilated and filled with myeloid cells in all stages of development. 
There were also occasional giant cells, some of which resembled megakaiyo- 
cytes. The Kupffer cells were veiy^ prominent. The liver cells, especially in 
the center of the lobules, contained fat droplets and hemosiderin. The peri- 
portal fields were free from infiltration. There were no erj’^throblastic elements. 

Spleen: Markedly enlarged and weighed 660 gm. It was firm to touch. 
The surface was smooth and bluish ^ay in color with numerous scattered 
white areas of infarction. The splenic pulp was pinkish gi-ay and did not 
scrape off easily. The Malpighian corpuscles were not visible. The microscope 
revealed a marked disturbance of the normal architecture. The Malpighian 
corpuscles had completely disappeared. The sinusoids of the red pulp were 
prominent but appeared to be widely separated by thickened Bilroth’s cords. 
The latter showed a conspicuous increase in reticulum cells, fibroblasts and con- 
nective tissue fibers forming a fine network. The meshes of this network con- 
tained nests of myeloid cells in various stages of development, as well as small 
collections of erythroblastic cells. There was also a considerable number of 
megakaryocytes. The sinusoids were for the most part empty, though some of 
them contained red blood cells and small collections of myeloid cells. The 
endothelial lining of the sinusoids was verj'^ prominent. 

Kidneys: The right kidney was larger than the left. The capsules stripped 
with great difficulty revealing irregular surfaces with several protruding small 
nodules. These were firm in consistency and grayish white in color. The 
pelvis of the right kidney contained numerous sand-like brownish calculi; 
similar calculi were found in the bladder. Microscopically, the grayish nodules 
are found to be small mesodermal tumors, composed of fibrous, fatty and 
myxomatous tissue. Scattered through the parenchyma of both kidneys w’ere 
small foci of myeloid cells in various stages of development. A few giant cells 
of the megakaryocytic type were found in the capillaries and in the glomerular 
loops. 

Gasiro-intestinal Tract: The ileum and the colon presented several small 
superficial reddish gray areas of necrosis. The underlying submucosa and 
muscularis were infiltrated with neutrophils. 

Lymph Nodes: The mesenteric and the retroperitoneal lymph nodes were 
moderately enlarged and rather firm in consistency. Microscopically, they 
showed a varying degree of myeloid metaplasia, with loss of normal structure. 
In some of the nodes the infiltration consisted almost exclusively of myeloid 
cells in various stages of development; in others, there were in addition prom- 
inent nests of erythroblasts and very numerous cells of the megakaryocytic 
type. 

Bone Marrow: The tibia was opened for a short distance. Its marrow 
cavity was filled with spongy bone. Similarly, the marrow cavity of the lower 
third of the humerus was completely filled with spongy bone. The lumbar 
vertebrae had, on section, a dense spongj'- appearance and were pink in color. 
Microscopic examination (Figs. 7 and 8) showed a marked increase in the 
nurnber of bony trabeculae which were wide and tortuous and varied in their 
calcium content. There was also a striking formation of new bone and marked 
narrowing of marrow spaces. The latter were often frequently completely 
filled by fibrous tissue. Other areas of the bone marrow, in spite of the increase 
in connective tissue, were very cellular and contained numerous myeloid 
elements, erythroblastic cells and megakaryocytes in increased numbers. 
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CHURG, wachstein: 


Comment; The first 3 cases as can be seen from the descriptions (and 
the 3 not extensively reported here) are unequivocal examples of 
leukemia, according to the most generally accepted standards. They 
obviously fulfill the criteria as far as the clinical course, the blood 
picture and the pathologic findings are concerned.* The occurrence of 
foci of extramedullary blood formation in Case 1, and of giant cells in 
the lymph nodes in Case 3, is in accord with the leukemia concept.^® 

The fourth case presents a different picture. Clinically it was 
observed for 8 years and classified as chronic myeloid leukemia. The 
white blood count was elevated, reaching 125,000 on one occasion. 
Numerous immature white cells and nucleated red cells were regularly 
found in the circulating blood. The bones, including the long bones, 
exhibited osteosclerosis with areas of complete myelofibrosis, as well as 
areas of hyperplastic bone marrow. There were extensive infiltrations 
in the liver, spleen, lymph nodes and also small foci in pericardium 
and kidneys; the infiltrations consisted of myeloid cells in various 
stages of development, and of numerous megakaryocytes and erythro- 
blasts, the latter being prominent in the lymph nodes and spleen. 
The same diversity without the customary preponderance of young 
white cells was observed in the hyperplastic foci of bone marrow. The 
long clinical course; the moderately elevated white blood cell count 
with a low proportion of primitive cells; the constant presence of nu- 
cleated red blood cells; the chronic splenomegaly; the absence of typical 
leukemic infiltrations, and the diversity of cells forming the infiltra- 
tions in the various organs with an unusuallj’- large number of mega- 
karjmcytes— all tend to place this case in the leukemoid*^ group of 
non-leukemic myelosis. 

The changes in the bone marrow of the first 3 cases were of an 
essentially similar type. The available sections of bone (unfortunately 
no long bones could be examined because of the limited autopsy per- 
missions) showed a varying degree of fibrosis. In Case 2 the marrow 
was cellular and characteristically leukemic; fibrosis was represented 
by a meshwork of fine threads of connective tissue; there was no 
appreciable change in the bony trabeculation. In Case 1, on the 
other hand, the bony trabeculation Avas somewhat denser than normal 
AAuth occasional areas of newly formed bone. The hematic cells had 
all but completely disappeared from the marrow Avhich Avas almost 
made entirely up of young mucoid, rather cellular connective tissue. 
Neither of these cases had received any Roentgen ray treatment. 
Case 3 presented similarly marked fibrosis, with still clearly discernible 
islands of leukemic myeloid cells, but without any definite increase in 
the bonj^ trabeculation. This case belongs to the group of chronic 
myeloid leukemia and was treated Avith small doses of Roentgen ray, 
so that fibrosis can be attributed, at least in part, to the latter factor. 
HoweA^er, it has to be pointed out that in our material only 4 out of 50 


* The diagnostic criteria for the leukemias still are of a cumulative nature, rather 
than any one being pathognomonic. It is well recognized that a number of conditions 
can produce leukemoid“ blood pictures as well as clinical signs and symptoms, and even 
the characteristic histologic picture can be simulated. One must be most careful, 
therefore, in the use of unresen'ed allocations. — Editor. 
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cases of chronic leukemia, showed fibrosis of the bone marrow though 
all of them received the standard treatment of this disease. To sum- 
marize, the osteodystrophic changes in the 6 cases of leukemia con- 
sisted of myelofibrosis — an increase in connectii^e tissue within the 
marrow with replacement of the cellular elements. There was little 
or no formation of new bony trabeculae and, therefore, the marroiv 
spaces were not narrowed to any appreciable extent. 

The appearance of the bone marrow in the fourth case, here reported 
— the non-leukemic myelosis — was dominated by a great amount of 
newly formed bone with marked narrowing of the marrow spaces. The 
latter were partly filled by connective tissue and partly by hyperplastic 
marrow. The trabeculae were wide and tortuous and showed a varying 
degree of calcification. This is the typical picture of osteosclerosis, 
as defined by Kaufmann;“ it is "the antithesis of osteoporosis and 
consists of the formation of new, at first osteoid, then calcified true 
bone, coming from the marrow and vessel cavities and encroaching 
upon the old trabeculae. The spaces within the bone are filled with 
more and more bone tissue.” Osteosclerosis is commonly accom- 
panied by a varying degree of fibrosis of bone marrow, but, as demon- 
strated above, myelofibrosis occurs also without osteosclerosis. 

The literature contains onlj'’ a few examples of leukemia associated 
with myelofibrosis, though apparently it is not very rare. The case 
published by Lehndorff and Zak‘® is often called osteosclerotic leuk- 
emia, but in reality is a typical instance of myelofibrosis without a 
trace of osteosclerosis. Mettier and Rusk^® reported 2 cases under the 
title: "Fibrosis of tlie bone marrow (myelofibrosis) associated with 
leukemoid blood picture.” The case of Anagnostu' might also belong 
in this group. 

Reports of "osteosclerotic leukemia” are more numerous. However, 
we agree with Carpenter and Flory* that the great majority of cases of 
osteosclerosis with a leukemic or leukemoid blood picture can be classi- 
fied as non-leukemic myelosis. We were able to find onlj^ 2 cases 
which do not fulfill the criteria of non-leukemic myelosis and can be 
regarded as instances of leukemia, though by no means typical. The 
case of Jacobson® is reported very briefly and the details are lacking. 
It concerns a 28 year old chemist, who worked with pyridine and aniline 
dyes and developed a marked anemia and leukopenia with many 
atypical cells in the circulation. The postmortem examination revealed 
extensive osteosclerosis and typical leukemic infiltrations in the liA^er, 
spleen, kidneys and intestines. In the case of Haessler and Krauspe,® 
a girl aged 2 years and 8 months suffered from increasing anemia. 
The leukocytes varied between 2600 and 7200. No typical leukemic 
cells were found in the blood. The duration of the disease was 6 
months. At autopsy there was marked generalized osteosclerosis with 
foci of typical leukemic bone marrow and extensive infiltration of 
many organs by leukemic cells with localized tumor formation. The 
existence of such cases points to the need of careful and unbiased 
examination in every instance of osteosclerosis associated with blood 
changes. 
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Summary and Conclusions. 1. Among 97 cases of leukemia, 6 
showed a varying degree of myelofibrosis Avithout osteosclerosis. Four 
of these cases A\^ere of the chronic myeloid type and Avere treated Avith 
Roentgen ray; the other 2 Avere diagnosed as subacute myeloid leukemia 
and did not receive any Roentgen ray therapy. 

2. Myelofibrosis, not associated Avith osteosclerosis, is apparently 
not uncommon in the leukemias. 

3. A case of osteosclerosis and leukemoid blood picture is described 
and interpreted as an instance of non-leukemic myelosis. 

4. A review of the literature shows that osteosclerosis is often asso- 
ciated with non-leukemic myelosis and only very rarely, if at all, with 
true leukemia. 
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In a recent study of the sedimentation rate in sickle cell anemia, 
it was noted that the sedimentation of the erythrocytes had certam 
characteristics which were not encountered in any other normal or dis- 
ease states.® These features have a diagnostic value and may serve to 
supplement the other diagnostic procedures commonly employed. - 
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These characteristics may be organized and used as clinical diagnostic 
tests. Two separate tests are described, although they are based 
upon the same principles, viz., the increase of the sedimentation rate 
of the erjdhrocyte of sickle anemia by O2 and the reduction of the 
sedimentation rate by CO2. The tests differ, therefore, only in the 
methods by which these changes are brought about. These tests are 
described since they emphasize certain physicochemical peculiarities of 
the blood in sickle cell anemia, and offer themselves as objective pro- 
cedures for the diagnostic studj'^ of sickle cell anemia. They have 
certain definite advantages. First, they do not depend solely upon the 
sickling phenomenon for the diagnosis of sickle cell anemia. Second, 
they are rapidly performed, the total time frequently being appreciably 
less than the time required to perform the routine sedimentation rate. 
Third, they require only simple laboratory equipment. Fourth, they 
offer themselves as additional objective tests for use in the study of 
doubtful cases. 

Methods. These studies are based on observations made on 26 patients 
with sickle cell anemia and 60 who were normal subjects or had other diseases. 
The diseased states included luetic hepatitis, peptic ulcer, aplastic anemia, 
essential, benign and malignant hjmertension, pernicious anemia, malnutrition, 
amebiasis, carcinoma of the stomach, carcinoma of the esophagus, carcinoma 
of the rectum, pregnancy, acute and chronic gastritis, luetic heart disease, 
gout, ulcerative cohtis, pulmonary tuberculosis, pyelitis, tuberculous perito- 
nitis, disseminated lupus erythematosis, pneumococcus and virus pneumonia, 
Weil's disease, myelogenous leukemia and acromegaly. A total of 371 deter- 
minations were made on the blood of patients with sickle cell anemia and 
239 determinations on the control patients. These observations indicated the 
characteristic effects of O 2 and CO 2 upon the sedimentation rate of the erythro- 
cytes of sickle cell anemia and led to the formulation of tvm diagnostic pro- 
cedures which were studied in detail in 14 patients with sickle cell anemia 
and 20 with other disorders. The two suggested diagnostic procedures are as 
follows; 

1. Oxygen-Carbon Dioxide Technique. A tourniquet is placed on the arm 
and blood is removed. The entire operation should not take more than 
60 seconds. This is important to keep the collection standard. Approxi- 
mately 91 cc. of venous blood are placed in a 10 cc. ■\ual containing 6 mg. of 
dry ammonium oxylate and 4 mg. of dry potassium oxylate. Five cc. is 
sufficient, however. In these studies the larger volume was used in order that 
duplicates could be made. The vial is immediately corked, and rotated for 
not longer than 3 minutes. Half of the blood is poured into a flask containing 
oj^gen and half into one containing carbon dioxide.* These are rotated inter- 
mittently for 15 minutes after which sedimentation rates are determined for 
each blood sample according to the method described by Wintrobe.^ 

2. Aeration-Tourniquet Technique. Venous blood is removed under standard 
conditions as described above. Five cc. of blood is placed in a small beaker 
or Erlenmeyer flask and is rotated in air for 15 minutes after which a sedi- 
mentation rate is determined. A sphygmomanometer cuff inflated to a pres- 
sure just above the diastolic is allowed to remain on the arm for 6 minutes after 
which blood is drawn and a second sedimentation rate is determined. 

_ It has been found (these studies and previous ones^) that the method func- 
tions as well and may be simplified if the tourniquet (inflated blood pressure 

* Oxygen and carbon dioxide had previously been run into 2 separate 50-cc. Erlen 
meyer flasks. These were corked with rubber stoppers and were stored until ready for 
use. The amount of gas lost while pipeting the blood from the vial to the flask did not 
alter the results, as 100% gas is not necessary for the test {vida infra) . 
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cuff) is applied for 6 minutes and 5 cc. of blood is collected as described above. 
A sedimentation rate is then determined immediatelj’’ on the blood; the remain- 
der is rotated for 15 minutes in air in a small Erlenmeyer flask and then a 
sedimentation rate is determined on the aerated blood. This procedure offers 
a definite advantage in that a venepuncture is performed only once. 

Results. The results of the oxygen-carbon dioxide test are summar- 
ized in Table 1. It may be seen that in patients with sickle cell 
anemia, oxygen accelerates and carbon dioxide retards the sedimenta- 
tion rate compared with that of venous blood run immediately upon 
remoi’al from the patient. There was a mean acceleration by O 2 of 
28.3 mm. of the initial sedimentation rate of venous blood (the rate 
being doubled) and a mean deceleration by CO 2 of 23.3 mm. (the rate 
being reduced more than 20 times). 

Table 1. — The Effect of O: akd CO 2 on the Sedimentation Rate of 8 Patients 
With .Sickle Cell Anemia and 14 Patients With Other Conditions 

(The “(liaBnostic parameters” [Ail are listed in tlie last column) 

-Acceleration Retardation 



No. of 

Average sedimentation 
rate (Wintrobe) 
(mm./br.) 

of SR. 
(Sit, in 0-) 
minus 

of SR. 
fSR. in ven- 
ous blood) 

Diagnostic 
parameter 
(SR. in O 2 ) 


indiWdual 



• 


(SR. in ven- 

minus 

minus 

.Subject No., 
or diagnosis 

determina- 

tion.s 

Venous 

blood 

Ot 

COt 

ou.s blood) 
(mm. /hr.) 

(SR. in CO.) (SR. in CO:) 
(mm./hr.) (mm./hr.) 

1 

4 

Sickle Cell Anemia Patients 

36.0 40.0 0-0 4.0 

.36.0 

40 0 

2 

1 

35.0 

70 0 

0.0 

35.0 

35.0 

70.0 

.3 

2 

14.0 

02.0 

1.0 

48.0 

13.0 

01.0 

4 

1 

7.0 

67.0 

3.0 

60.0 

4.0 

64.0 

S 

2 

31.0 

51.0 

1.0 

20.0 

30,0 

50.0 

0 

2 

11.0 

40.0 

1,0 

29.0 

10.0 

39.0 

7 

3 

26.0 

52.0 

2.0 

26.0 

24.0 

50.0 

S 

1 

30.0 

41.0 

1.0 

5.0 

35.0 

40.0 

Mean 

... 

24.5 

52.8 

1.1 

28.3 

23.3 

51 . 7 

Maximum 


30.0 

70.0 

3.0 

60.0 

36.0 

70,0 

Minimum 


7.0 

40.0 

0.0 

4.0 

4.0 

39.0 

Pernicious anemia 

4 

Control Patients 

70.0 06.0 00,0 

-4 0 

10.0 

0.0 

Peptic ulcer 

1 

10.0 

20.0 

13.0 

4.0 

3.0 

7.0 

Peptic ulcer 

1 

00.0 

59.0 

56.0 

-1.0 

4.0 

3.0 

Peptic ulcer 

1 

66.0 

65.0 

63.0 

-1.0 

3.0 

2.0 

Amebiasis 

1 

48.0 

46.0 

40.0 

-2.0 

8.0 

6.0 

Ca. stomach 

1 

50.0 

50.0 

41.0 

0.0 

9.0 

9.0 

Malnutrition 

1 

50.0 

48.0 

31.0 

-2.0 

19.0 

17.0 

Pernicious anemia 

1 

35.0 

39.0 

20.0 

4.0 

15.0 

19.0 

Pregnancy 

1 

60.0 

61.0 

60.0 

1.0 

0.0 

1.0 

Malnutrition 

1 

34.0 

31.0 

23,0 

-3.0 

11.0 

8.0 

Ca. rectum 

1 

15.0 

20.0 

15.0 

5.0 

0,0 

5 . 0 

Gastritis 

1 

32.0 

38.0 

24.0 

6.0 

8.0 

14.0 

Cardiac disease 

1 

55.0 

55.0 

47.0 

0.0 

8.0 

8.0 

Normal patient 

1 

6.0 

5.0 

4.0 

-1.0 

2.0 

1.0 

Mean 


42.6 

43.1 

35.5 

0.4 

7.1 

- 7.5 

Maximum 



70.0 

66.0 

63.0 

6.0 

19,0 

19.0 

Alinimum 

• • . 

6.0 

5.0 

4,0 

-4.0 

0.0 

1.0 


The relative effect of saturating the blood of patients with sickle 
cell anemia vdth oxjrgen, or carbon dioxide, on the sedimentation rate, 
depends on the initial sedimentation rate of the venous blood. If the 
initial sedimentation rate of venous blood is slow, the oxygen will pro- 
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duce a marked acceleration of rate, Avhereas the carbon dioxide will 
produce a slight retardation. Conversely, when the initial sedimenta- 
tion rate of venous blood is rapid, the acceleration of the rate by 
oxygen is slight and the retardation by carbon dioxide is marked. 

The results of the aeration-tourniquet test are summarized in Table 2. 
In patients with sickle cell anemia, aeration of venous blood, accelerates 
and the application of a tourniquet retards the sedimentation rates 
when compared with the sedimentation rate of unaltered venous blood. 

Tabl,b 2.— The Effect of Aeration of Blood and the Application of a Tourniquet 
ON THE Sedimentation Rate in C Patients With Sickle Cell Anemia 


(The "diagnostic parameter” [A 2 ] has been calculated as indicated in the heading 

of the last column) 







Acceleration 

Retardation 

Diagnostic 



Average sedimentation 

of SR. 

of SR. 

parameter 



rate (Wintrobe) 

(SR. after 

(SR. in ven- 

(SR. after 


No. of 

(mm./ hr.) 

aeration) 

ous blood) 

aeration) 


individual 


* 



minus 

minus 

minus 


determina- 

Ven- 

After 

After 

(SR. in ven- 

(SR. after 

(SR. after 

Subject No. 

tions 

ous 

aera- 

tourni- 

ous blood) 

tourniquet) 

tourniquet) 

or diagnosis 


blood 

tion 

quet 

(mm./hr.) 

(mm. /hr.) 

(mm. /hr.) 


Sjckle Cell Anemia Patients 



1 

1 

7.0 

69 0 

3.0 

62.0 

4.0 

66 0 

2 

2 

6.0 

39.0 

2,0 

33.0 

4.0 

37.0 

3 

1 

1 0 

66.0 

1.0 

65.0 

0 0 

65.0 

4 

1 

7.0 

39.0 

1.0 

32.0 

6 0 

38.0 

5 

1 

31.0 

68.0 

3.0 

37.0 

28 0 

65.0 

6 

2 

30.0 

40.0 

3.0 

4.0 

33.0 

37 0 

Mean 


14 6 

53 5 

2.1 

38.8 

12.5 

51 3 

Maximum 


36,0 

69.0 

3.0 

65.0 

33 0 

66 0 

Minimum 


1 0 

39.0 

1.0 

4.0 

0,0 

37,0 



Control Patients 




Luetic hepatitis 

1 

16.0 

16.0 

11,0 

0 0 

5 0 

5 0 

Peptic ulcer 

1 

47.0 

46.0 

49.0 

-1.0 

-2.0 

-3.0 

Aplastic anemia 

1 

50.0 

50 0 

48.0 

0.0 

2 0 

2.0 

Essential hypertension 1 

49 0 

48 0 

47 0 

-1,0 

2.0 

1.0 

Pernicious anemia 

1 

30.0 

30.0 

26.0 

0.0 

4.0 

4.0 

Malnutrition 

1 

26.0 

25.0 

20.0 

-1 0 

6.0 

5,0 

Mean 


30.3 

35 8 

33,5 

-0.5 

2 8 

2.3 

Maximum 


49 0 

50.0 

47,0 

0.0 

6.0 

5.0 

Minimum 


16.0 

16.0 

11.0 

-1.0 

-2.0 

-3,0 

Aeration of Amnous blood produced 

a mean increase 

in the sedimenta- 


tion rate of 38.8 mm. over that for venous blood (an increase of about 
2.5 times), while venous stasis produced by a tourniquet resulted in a 
mean decrease in the sedimentation rate of 12.5 mm. (a decrease of 
6 times). Here, as in the oxygen-carbon dioxide method, the degree 
of acceleration, or retardation depends upon the initial sedimentation 
rate of venous blood. It is to be noted that the aA^erage acceleration 
of the sedimentation rate due to aeration is greater than the retardation 
due to the application of the tourniquet (Table 4). 

The effects produced by the tAvo procedures, upon the sedimentation 
rates of the erythrocj4;es of siekle cell anemia is considerably greater 
than that for the control subjects (Tables 1 and 2). 

The Diagnostic Parameter. In order to utilize the lability of the 
sedimentation rate so .that it might aid in the diagnosis of sickle cell 
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Table 3. — Statistical Amaltsis of Data PIlESE^•TED ik Table 1 



(SR. in Oj) 

(SR. in venous 

Diagno-stic 

parameter 


minus 

blood 

(SR. inO:) 


(SR. in venous 

minus 

minus 


blood) 

(SR. in CO:) 

(SR. in CO:) 


(mm./hrO 

(mm./hr.) 

(mm./hr.) 


Sickle Cell Anemia Patients 


Mean 

28.3 

23.3 

51.7 

Estimated standard deviation —19.4 

±12.7 

±12.0 

Standard error of mean 

±6.8 

±4 .5 

±4.2 

Mean 


5.2 

12.2 

Standard error of mean 

4.1 

Probability 

<0.01 

<0.01 

<0.01 


ConlTol Patients 



Mean 

0.4 

7.1 

7.5 

Estimated standard deviation =!=3.1 

±5.6 

±5.6 

Standard error of mean 

±0.8 

±1.5 

±1.5 

Mean 

0.5 

4.8 

5.0 

Standard error of mean 

Probability' 

>0.6 

<0.01 

<0.01 


Comparison of Means 


Difference 

27.9 

10.2 

44.2 

Standard error of difference =^=5.2 

=±=3-9 

±3.8 

Difference 



11.6 

Standard error of difference ^ ' 

4.2 

Probability 

<0.01 

<0.01 

<0.01 

T.yBLE 4 . — Statistical Analysis of Data 

Prese.vted 3N 

Table 2 


(SR. after 


Diagnostic 

parameter 


(SR. in venou.s 

(SR. after 


aeration) 

blood) 

aeration) 


minus 

minus 

minus 


(SR. in venous 

(SR. after 

(SR. after 


blood) 

toumiauet) 

toumiauet) 


(mm./hr.) 

(mro./}jr.) 

(mm.^r.) 


Siclde Cell Anemia Patients 


Mean 

38.8 

12.5 

51.3 

Estimated standard de^'iation —22.4 

±14.2 

±15.3 

Standard error of mean 

±9.2 

±5.8 

±6.2 

Mean 

4 O 

O O 

8.2 

Standard error of mean 



Probability 

<0.01 

>0.05 

<0.01 


Control Patients 



Mean 

-0.5 

2.8 

2.3 

Estimated standard deviation —0.5 

±2.8 

±3.07 

Standard error of mean 

±0.2 

±1.2 

±1.2 

Mean 



1.8 

Standard error of mean 

2.2 

2.4 

Probability 

>0.05 

>0.05 

>0.01 


Comparison of Means 


Difference 

39.3 

9.7 

49.0 

Standard error of difference —9.2 

±5.9 

±6.4 

Difference 

A O 



Standard error of difference 

1.0 

/ . / 

Probability 

<0.01 

>0.1 

<0.01 
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anemia, the degree of acceleration and retardation by O 2 and CO 2 
respectively, must be considered in relation to each other. In order 
to do this, a “diagnostic parameter” is calculated (Tables 1 and 2), as 
described below. 

1. When the oxygen-carbon dioxide technique is used, the diagnostic 
parameter (Ai) may be stated as the difference between the sedimenta- 
tion rate in oxygen and the sedimentation rate in carbon dioxide: 
Ai = i/'i. lAi is equal to the sedimentation rate in O 2 minus the sedi- 
mentation rate in CO 2 . If Ai is greater than 27 mm. per hour, the 
test is “positive” and it is probable (98 chances out of 100) that the 
patient has active sickle cell anemia (Fig. 1). The value 27 was deter- 
mined statistically (see Appendix). 



• Sickle cell ^nemL^ pca.iien'ts 
-f- Control patients 


Fig. 1. — The diagnostic parameters (Ai) obtained by means of the oxygen-carbon 
dioxide technique in S patients witli sickle cell anemia and 14 patients with other con- 
ditions. The values are shown in relation to the parameter of 27 mm. /hr., a value found 
statistically, which separates patients with sickle cell anemia from those with other 
clinical states. 

2. When the aeration-tourniquet technique is used, the diagnostic 
parameter (A 2 ) may be stated as the difference between the sedimenta- 
tion rate of the aerated blood and the sedimentation of the non-aerated 
blood after the application of a tourniquet: A 2 = ^ 2 . 'f '2 is equal to 

the sedimentation rate after aeration minus the sedimentation rate of 
non-aerated blood after applying the tourniquet. If the A 2 is greater 
than 20 mm. per hour, the test is “positive” and it is probable (98 
chances out of 100) tliat the patient has active sickle cell anemia 
(Fig. 2). The value 20 was determined statistically (see Appendix). 

Discussion. The erythrocytes of patients with sickle cell anemia 
are peculiar in their response to saturation with O 2 and CO 2 . The for- 
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mer produces a marked acceleration of the sedimentation rate, while 
the latter produces a marked retardation. These effects may be found 
to a slight degree in patients with other clinical states, but not nearly 
to the extent seen in sickle cell anemia. The consistency and the 
range of these changes immediately suggested their diagnostic, as well 
as their physicochemical importance. In fact, when the acceleration 
and retardation of the sedimentation rate by these two gases arc 
expressed as functions of each other in order to arrive at a value that 
might have diagnostic significance and at the same time control the 
variability of the sedimentation rate as found in venous blood, a sig- 
nificant expression was obtained. This expression was arbitraril}^ 



Fig. 2. — The diagnostic parameters (Aj) obtained by means of the aeration-tourniquet 
technique in 6 patients ■n’ith sickle cell anemia and 6 patients with otlier conditions. 
The values are shovm in relation to the parameter of 20 mm./hr., a value found statisti- 
cally, which separates patients with sickle cell anemia from those with other clinical states. 

called the “diagnostic parameter.” When these data were tested 
statistically, it was found to have a 98% accuracy in the diagnosis of 
sickle cell anemia. The control subjects had 4 chances in much more 
than 10,000 of falling within the range for sickle cell anemia blood 
when the oxj'^gen-carbon dioxide test is used, and 1 chance in much 
more than 10,000 of falling within the range of sickle cell anemia blood 
when the aeration-tourniquet test is used (see Appendix for statistical 
data). 

The aeration-tourniquet test is the more simple of the two procedures 
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since it does not require that pure O 2 and CO 2 be available. All that 
is needed are sedimentation tubes, a clinical blood pressure apparatus 
and syringe and needle. Furthermore, this method can be simplified 
so that only 1 venepuncture is necessary (see Method). 

It is not suggested that these tests be used to replace the micro- 
scopic study of the erythrocyte for the sickling phenomenon. They 
are to be used when one is in need of quick diagnosis, as would be 
encountered when the abdominal crises are confused with acute surgical 
conditions in the abdomen. It is not the purpose of this discussion 
to point out the dangers of surgical procedures in these patients. 

It has been found in most instances, that after the blood has been 
placed in the sedimentation tubes, the diagnostic parameter is reached 
within 15 to 20 minutes. It is not necessary to carry the test out to 
a full hour under those circumstances, thus reducing the entire time 
for the test to about 30 minutes. 

Summary. The marked retarding of the sedimentation rate of the 
erythrocytes of patients with sickle cell anemia by CO 2 and the marked 
acceleration by oxygen were used as a basis for two simple rapid 
macroscopic tests for active sickle cell anemia. These tests were found 
to be 98% reliable in tlie identification of sickle cell anemia (see 
Appendix). 

The aeration tourniquet test is the simpler to perform and requires 
less material. The method can be simplbBed to involve the following 
procedures; 

1. A tourniquet (blood pressure cuff) is applied to an arm to produce 
venous stasis for 6 minutes. 

2. Five cc. of blood are drawn from a vein and placed in a small vial 
containing an anticoagulant, stoppered and rotated gently in order to 
avoid mixing the blood Avith air. 

3. A sample of the blood is set up for a sedimentation measurement 
immediately. 

4. The remainder of the blood is rotated in air in a small beaker, 
or Erlenmeyer flask, to saturate it thoroughly. A sedimentation rate is 
then determined on this aerated blood. 

5. Within 15 to 60 minutes the diagnostic parameter (A 2 ) should be 
greater than 20 mm. per hour if the patient has sickle cell anemia. 
As soon as this parameter is reached, it is not necessary to continue 
the sedimentation rate to a full hour. 

Conclusion. The aeration-tourniquet test not only is simple and 
rapid, but it serves as a check on the microscopic study of sickling 
which is often not properly done, or is late in showing evidence of 
sickling— often too late for the proper management of diagnostic 
problems of acute abdominal conditions which may, or may not, 
require surgical intervention. 


APPENDIX 
Statistical Analysis 

Oxygenr-Carhon Dioxide Technique. The diagnostic parameter (a,) showm in 
Table 1 is the difference between the sedimentation rate in O 2 and the sedi- 
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mentation rate in CO 2 and thus is independent of the sedimentation rate in 
venous blood. The mean values (Table 3) for Ai for both the sickle cell anemia 
patients and the control patients are statistically reliable. The probability 
of less than 0.01 (P <0.01) means that in less than 1% of such samples of 
sickle cell anemia patients and control patients are mean values, as great or 
greater than those shown in Table 1, likely to be obtained by chance alone. 

The difference between the mean values of the diagnostic parameter for 
these two groups of patients is sufficient statistical evidence that there are 
factors present in the sickle cell anemia patients producing a high diagnostic 
parameter which are evidently absent in the control patients. 

Aeralion-Tourniquet Technique. The diagnostic parameter (A 2 ) shown in 
Table 2 is the difference between the sedimentation rate after aeration and the 
sedimentation rate after application of the tourniquet. The mean value 
shovTi in Table 4 (A 2 ) for the sickle cell anemia patients on whom this tech- 
nique was used is statisticallj’’ reliable, the probability being determined as 
P < 0.01. The mean value of the diagnostic parameter for the control patients 
in whom this technique was used is not statistically reliable, because there is no 
statistical evidence of consistent alteration of the sedimentation rate produced 
by either the application of the tourniquet, or the aeration of the blood. 

The analysis stated above for the difference between the mean values of the 
diagnostic parameter for the two groups of patients on whom the CO 2 -O 2 
technique was used also applied when using the tourniquet-aeration method. 

Lower Limit of the Diagnostic Parameter. A value of 27 mm./hr. is estab- 
lished as the lower limit of the diagnostic parameter (Ai) accepted for the 
diagnosis of sickle cell anemia using the O 2 -CO 2 technique. This value equals 
the computed mean of Ai for the sickle cell anemia patients minus 2.05 esti- 
mated standard deviations (M— 2.05 tr). Appro.vimately 98% (97.98%) of 
sickle cell anemia patients may be expected to have a diagnostic parameter 
equal to or greater than this value. Assuming that the diagnostic parameter 
obtained for the control patients represents those values that would be ob- 
tained for patients with other tjqies of anemia and infections, the probability 
that any such patient would have a diagnostic parameter greater than 27 mm. 
hr. is determined as P < 0.0004. Thus less than 4 of 10,000 patients are likely 
to be incorrectly diagnosed as ha^^ng sickle cell anemia. 

A value of 20 inm./lir. was established as the lower limit of the diagnostic 
parameter (A 2 ) accepted for the diagnosis of sickle cell anemia using the 
aeration-tourniquet technique. This value equals the computed mean of A 2 
for the sickle cell anemia patients minus 2.04 estimated standard deviations 
(M —2.04 a) . Approximatety 98 % (97.93 %) of sickle cell anemia patients ma}’’ 
be expected to have a diagnostic parameter equal to or greater than this value. 
Again assuming that the diagnostic parameter obtained for the control patients 
represents those values that would be obtained for patients with other tjqies 
of anemia and infections, the probability that any such patient would have a 
diagnostic parameter greater than 20 nun./lir. is detennined as P <0.0001. 
Thus less than 1 of 10,000 patients on whom the aeration-tourniquet technique 
is used are likely to be incorrectly diagnosed as having sickle cell anemia. 


We wish to express our appreciation to Mr. R. .T. Hammerstrom, of the Department 
of Preventive Medicine, for his valuable help in these statistical studies. 
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SnapperJ in a chapter devoted to Schiiller-Christian’s disease refers 
to patients suffering from lipoidal granulomas of the long bones with 
absence of granulomas of the cranium. He also mentions the hypoth- 
esis that the proliferation of the reticulo-endothelial system with 
granuloma formation is a primary phenomenon of these xanthoma- 
toses, and insists particularly on the importance of choosing the lesion 
from which the biopsy is to be made in order to avoid mistakes in 
diagnosis. 

The publications of Otani and Ehrlich,® Lichtenstein and Jaffe,® 
Bass,* Farber,^ Green, and Farber® and Gross and Jacox^ produced 
more extensive discussion of this subject; clinicians and pathologists 
are still attempting to clear up divergencies as to the nature of Hand- 
Christian’s disease and of eosinophilic or solitary granuloma of the 
bones, isolated xanthomas and the non-lipoid reticulo-endotheliosis of 
Letterer-Siwe. 

We consequently, in this paper, offer this contribution towards 
elucidating the question. 

Report of a Case. The patient, M. Q. (Fig. 1), Spanish, 50 years old, 
resident in Brazil since she was 40 days old, married at 16, and has had 15 preg- 
nancies, of which 12 children are alive and physica% well developed; 1 child 
died suddenly when it was 27 days old, cause unknown. The first and last 
pregnancies ended in abortion at 4 months. After the last abortion, in the 
middle of 1940, there followed a period of menorrhagia which lasted 8 months 
and was cured by uterine curettage. She has suffered from measles but there 
is no history of traumatism. 

While suffering from menorrhagia she began to feel, in the central region 
of the left thigh, stabbing pains followed by short periods of relief. The 
Roptgen ray examination made in Rio de Janeiro in April, 1941, showed a 
fusiform area of rarefied bone in the middle of the diaphysis of the left femur 
(Fig. 2). The Wassermann and Kahn tests were negative, but Muller’s test 
was slightly positive, but negative on August 9, 1941, after antisyphilitic 
treatment. The patient’s painful symptoms were relieved and she returned 
to her home in Minas. The teeth, which by then were loose, began to fall out 
and shortly afterwards the pain the left thigh reappeared, now however, radiat- 
ing to the hip and knee on the same side. On May 20, 1942, while hurr 3 dng 
to catch a train, she suffered a fracture of the left thigh (Rg. 3) and was 
admitted to First-Aid Hospital. 
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Physical Examination. The patient was badly nourished. Many teeth 
were lost, the few remaining being secured only Iry the soft tissues. There 
was pyorrhea and polydipsia; no exophthalmia; the sclera slightly bluish; the 
fundi normal. There was a pathologic fracture at the junction of the middle 
and upper third of the left femur occurring near an oval lacuna shadow of 
irregular outline measuring about 6 cm. long. Below this there were 2 other 
smaller shadows of identical aspect. The compact bone tissue was attacked 
(Fig. 3). The liver and spleen were normal. 



Fig. 3. — Radiograph of the middle part of the diaphysis of the left femur showing, 
fracture at the set of osseous rarefaction in May, 1942. 


Laboratory Examinations. Urine: volume in 24 hours, 5780 cc.; density 
at 150, 1006; no albumin, glucose or other abnormal substances (including 
Bence-Jones’ protein). Blood: hemoglobin, 9.92 gm. (Sahli); erythrocytes, 
4,065,000; leukocytes, 8400 (neutrophils, 48%; eosinophils, 6.5%; mast cells’, 
1%; lymphocytes, 40%; monocytes, 4.5%). Glucose, 74 mg. per 100 cc.; 
uric acid, 2.48 mg. per 100 cc.; cholesterol, 134; inorganic phosphates, 2.8; 
calcium, 13.5; phosphatase (Kay), 0.08 unit. In the feces there were eggs of 
A. lumbricoides and T. trichiura. 

Myelogram (sternal puncture) : Hemohistoblasts with neutrophil granules, 
0.4%; proneutrophil myeloblasts, .0.4%; neutrophil promyelocytes, 2.6%; 
neutrophil myelocytes, 13.6%; neutrophil metamyelocytes, 8.2% poljunorpho- 
nuclear neutrophils, 36%; eosinophil myelocytes, 2.2%; eosinophil metamyel- 
ocytes, 1.8%; polymorphonuclear eosinophils, 3.2%; lymphocytes, 10.4%; mast 
cells, 0.2%; monocytes, 0.2%; megaloblasts, 0.4%; megaloblasts in mitosis, 
0.2%; proerythroblasts, 0.4%; basophil erythroblasts, 1.4%; polychromato- 
phil erythroblasts, 0.6%; orthochromatic erythroblasts, 15%; megacaryocytes. 
0.2%; plasma cells, 2.4%; Tiirck cells, 0.2%. 
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Roentgen ray films of skull bones, pehas, right femur, tibia, humerus, ribs, 
maxillary bones and lungs showed nothing pf interest. 

Diagnosis. Intestinal wonns. Pathologic fracture of the left femur. 
Hand-Christian’s syndrome. 

The curetting of the focus of fracture, as the first stage towai-ds irradiation 
or bone grafting, was done by one of us (J. M. F.) on May 5, and showed 
the existence of a yellowish, spongj'-looking tissue projecting from the fractured 
part and extending along the medullarj’- zone of the femur; samples of this 
were taken for histopathologic examination. 

Pathologic Report (M. A. J.). No. 3857. Ten small samples, previously 
fixed in alcohol, were sent for examination; all the material was embedded in 
paraffin. 



Fig. 4. — Eosinophilic infiltration of tlic granuloma. 


The sections showed that large areas of these fragments had undergone 
necrosis with hemorrhage, and around these areas could be seen rounded cells 
with abundant protoplasm enclosing, phagocytic fashion, a greenish-yellow 
pigment (a hematic pigment giting the Berlin blue reaction). Among these 
cells there were some multinuclear ones which at times also contained pig- 
ment. In the peripheral zone of some samples, the reticulo-endothelial 
structure could be identified with thickening of the reticulum and cellular 
hj’^perplasia, here also were some multinuclear cells, looking like Reed-Stern- 
berg cells. 

Some areas were infiltrated by eosinophils which, in some places, were so 
compact that they produced the appearance of a true eosinophil granuloma 
(Fig. 4). 

One sample looked like xanthomatous tissue, consisting of bulky cells with 
central nucleus and foam-like protoplasm; some multinuclear giant cells 
(Teuton cells) were also seen (Figs. 5 and 6). All these cells lay amidst a 
thickened reticulum, and in a limited peripheral area, some mast cells could 
be seen. In this sample onlj'- 2 small trabeculse were seen, one of them vdth 
signs of decalcification. 

Treatment and Evohdion. The treatment prescribed bj' us was vitamins A 
and D and extract of the posterior lobe of the h5'^pophj''sis. The latter was 
at first administered through the skin (Retrophysina) and later through the 
nose (retrohjyiophysis powder — Slopart’s snuff) . There was no marked altera- 
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tion of blood pressure. The polydipsia disappeared and the flow of urine 
became nonnal; but both these conditions have, up to the present, reappeared 
when the hypophysis extract medication is discontinued. As a proof of this 
it is sufficient to state that on January 11, 1943, after a 3 day interruption 
of the hypophysis medication, the volume of urine increased to 12 liters in 
24 hours, and the calciuria was 380 mg. (expressed as calcium— Shohl and 
Pedley’s method) . On the same date the serum’s calcium content was 12.5 mg. 
per 100 cc., the phosphates 4.8 mg. per 100 cc. and the phosphatase 0.19 unit 
(Kay). 



Fig. 5. — Giant cells (Touton-like) and foam cells. 



A new Roentgen ray examination at the end of December, 1942, showed thal 
the bony callosity was being slowly but aberrantly formed, giving, for the 
time being, an impression of fragility. 

In no other part of the bony skeleton was any lacuna of rarefaction observed, - 
the left tibia, however, showed greater permeability to the Roentgen rays, 
apparently a process of decalcification. We have tried to readjust the amounts 
of vitamins A and D as well as the supply of calcium in the food and the 
patient continues under obsen’^ation. 
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Comment. Even if we restrict the use of the name Hand-Christian's 
disease to the morbid condition in which the classical triad of 
symptoms are present, viz. (1) multiple lacuna shadows in the cranial 
bones, (2) exophthalmia and (3) diabetes insipidus, the diagnosis of 
Hand-Christian’s syndrome can be justified in our case by virtue of 
the presence of a rarefying osseous lesion of the left femur and diabetes 
insipidus, because this latter sjTOptom leads us to suspect a lesion of 
the hypophysis although it has not yet been possible to demonstrate 
this radiologically. 

The histologic examination of the material taken from the seat of 
fracture showd the existence of a granulomatous lesion which in a 
certain zone showed accumulation of eosinophils giving the picture of 
eosinophil granuloma; in another zone there were lipophages (foam 
cells), arranged like a typical lipogranuloma. 

The cellular hyperplasia and thickening of the reticulum were 
apparent in the preparations. 

We thus arrive at the following conclusion: 

Conclusion. In accord with Farber, Bass, Gross and Jacox, and 
based on our own observations, we are of the opinion that the clinical 
pictures referred to in this paper should be regarded as A^ariations of 
the same morbid process, Avhich in a more advanced stage is known as 
Hand-Christian’s disease. 

We are grateful for the invaluable collalwration of Prof. Orontiar Moreira, Dr. A. C. 
Cavalcanti, Dr. Edgard A. Cerqueira and Dr. Paulo Rocha, who kindly carried out the 
chemical dosage and radiologic examinations, and to Prof. Ollivierre who made the 
translation into English. 
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The original method of Marshall'® and its later modifications*'® for 
determining sulfanilamide depend on diazotization and the coupling 
of the resulting diazo compound to produce an azo dye which can be 
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easily estimated by colorimetric comparison. The reaction depends 
on the presence of an amino group substituted in tlie benzene ring and 
can, tlierefore, be used for the estimation of any derivative of sulfanil- 
amide or for any related aromatic compound in which tlie amino group 
is free or can be freed by hydrolysis. Recognition of this fact has 
served to explain inconsistencies in tlie determination of sulfonamide 
drugs in body fluids.^ Procaine (“novocaine”), whicli is the local 
anesthetic most commonly employed in obtaining such body fluids, is 
/3-dietliylaminoethyl-p-aminobenzoate” and tlius has a free aryl amine 
which may enter tliis reaction. The procaine may contaminate tlie 
test fluid eitlier from its presence in tlie needle and syringe or by 
admixture witli the fluid witlidrawn after procaine infiltration.^-^’'’^ 
Failure to recognize tliis possibility is probably responsible for gross 
misinterpretations and erroneous results.^® ’- Otlier local anesthetics 
not derived from p-aminobenzoic acid do not have this interfering 
effect.'^ 

Woods-^ was tlie first to demonstrate that p-aminobenzoic acid and 
related compounds, including procaine, exert a marked inhibiting 
effect on tlie bacteriostatic action of sulfanilamide on hemolytic strep- 
tococci in vitro. The inhibiting effect of procaine was found to be 
quantitatively similar to that of p-aminobenzoic acid but it was some- 
what delayed, probably because the compound was hydrolyzed by the 
organisms. Sulfapyridine required 5 times as much p-aminobenzoic 
acid as was needed for sulfanilamide to produce the same degree of 
inhibition. This was interpreted as indicating that sulfapyridine was 
5 times as active as sulfanilamide. Selbie,^® at the same time, showed 
that this inhibiting action of p-aminobenzoic acid can also be demon- 
strated in vivo in mice infected with hemolytic streptococci and treated 
with sulfanilamide. Boroff, Cooper and Bullowa^ estimated the aver- 
age concentration of procaine in pleural fluid removed after the use of 
this agent to be 0.0002% (0.2 mg. per 100 cc.) and they showed that 
this amount was sufficient to inliibit in vitro the action of at least 
0.005% (5 mg. per 100 cc.) of sulfapyridine on Type III pneumococci. 
Larger concentrations of urethrane, which is not a p-aminobenzoic acid 
derivative, did not exert this inhibiting effect. Similar observations 
on the inhibiting action of p-aminobenzoic acid compounds have been 
made both in vitro and in vivo with tlie same or other sulfonamides and 
with other organisms, including E. coli, Staphylococcus aureus and 
Type I pneumococcus.'®'^® 

Casten, Fried and Hallman® have shown tliat in rabbits procaine 
inhibits the bacteriostatic action of sulfathiazole in wounds inoculated 
at the time of trauma with suspensions of Staphylococcus aureus. 
They concluded from tlieir observations that procaine is contraindi- 
cated as a loeal anestlietic in the treatment of open wounds or com- 
pound fractures if sulfathiazole is to be used topically. DeWaal, 
Kanaar and McNaughtan^ using hemolytic streptococcus infections in 
mice found that massive non-toxic doses of procaine given at short 
intervals were necessary in order to produce any significant antisulfanil- 
amide action. They also cited 3 cases of human hemolytic strepto- 
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coccal and pneumococcal infections in whicli sulfapyridine was given 
orally and no discernible antisulfonamide action resulted from the local 
injections of procaine in amounts varying from 60 cc. of a 1 % solution 
to 50 cc. of a 3% solution (0.6 to 1.5 gm.). The procaine was used, at 
least 24 hours after the sulfapyridine was started— for incision of 
infected wounds in 1 of these cases and to infiltrate the pleura for the 
relief of pain in the other 2 cases. 

Legge and Durie^'* presented evidence that procaine is hydrolyzed 
to p-aminobenzoic acid bj'^ an esterase present in human blood and in 
mice. Among mice injected with hemolytic streptococci and treated 
with sulfanilamide, the injection of procaine caused a slight increase 
in the mortality rate. Although they presented no clinical data, tliey 
suggested that procaine and otlier local anesthetic agents of tlie p- 
aminobenzoic acid class are contraindicated when the patient is so 
seriously infected that even a slight delay in treatment with sulfona- 
mides may diminish the chances of survival or when massive tissue 
damage is present and tlie circulation in the damaged tissue is poor 
so that the removal of p-aminobenzoic acid from the tissue after the use 
of procaine may be verj'^ slow. 

Goldberg, Koster and Warshaw® showed that no appreciable con- 
centration of procaine is built up in the blood during spinal anesthesia. 
Once it gets into the blood stream the procaine is rapidlj’- hydrolyzed 
(detoxified) by an enzyme and some of the free amino group resultmg 
from this hydrolysis is further acetylated by a less active enzyme and 
the products are rapidly excreted in the urine. An average of 90% 
of injected procaine is thus excreted in the urine but only in the form 
of the products of detoxification; tliese are more or less equally divided 
between p-acetaminobenzoic acid, p-acetaminohippuric acid and p- 
acetarainobenzoyl glycuronate. 

In this laboratory^^ it has been shown that p-aminobenzoic acid given 
orally in humans is rapidly excreted in the urine, largely in conjugated 
form. This rapid excretion also occurs in mice and accounts for the 
necessity of using frequent and large doses of p-aminobenzoic acid to 
inhibit the action of sulfonamides, since the latter are excreted more 
slowly.^ 

The sulfonamide inhibiting effect of procaine thus seems well estab- 
lished insofar as it concerns bacterial growth in artificial media and, to 
a lesser extent, in experimental animals. In the latter, repeated injec- 
tions of large doses of procaine seem to be essential when tlie sulfon- 
amide is used to combat a general infection, but local infiltration witli 
comparatively small doses of procaine seem to be sufiicient to interfere 
with the action of sulfonamides applied topically for the prevention 
of wound infection. Thus far, little if any evidence has been brought 
forth to indicate that this sulfonamide inhibiting action of procaine is 
of significance in human infections. It is the purpose of this paper to 
present: 1, the results of studies which indicate that procaine as ern- 
ployed in local anesthesia, may inhibit the action of sulfonamides in 
human blood; and, 2, case reports illustrating tlie local sulfonamide- 
inhibiting action of procaine. 
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Experimental. Materials and Methods. The subjects for these studies were 
shown, in preliminary tests, to have little or no bactericidal action against the 
test organisms in their freshly shed defibrinated blood. Whenever possible, 
patients undergoing operations under local anesthesia with procaine were used 
in these studies. The stock strain of Type III pneumococcus was employed. 
The bactericidal tests with human blood were carried out as in previous stud- 
ies.’® Briefly, 0.5 cc. amounts of fresh defibrinated blood were placed in pyrex 
tubes; serial decimal dilutions of a fully grown culture were added in 0.1 cc. 
amounts and other in^edients were also added in a volume of 0.1 cc. The 
tubes were then sealed in a gas-oxygen flame and rotated slowly in an incubator 
at 37.5° C. The tubes were observed for growth as indicated by color change 
at 24 and 48 hours and by cultures of the blood in the tubes which failed to 
show a color change. When human serum was used, sterile glucose was added 
to a final dilution of 0.1 % and growth was observed grossly or bacterial counts 
were done by making blood agar pour plates with dilutions of the resulting 
growth at the end of appropriate periods of incubation. 

Chemical determinations of sulfonamide levels were made bj’’ the method of 
Bratton and MarshalP using a photoelectric colorimeter. The same method 
was used for the determination of procaine. When the blood contained both 
these chemicals, the total color change was read only with reference to the 
sulfonamide. 

Antmilfonaviide Action of Procaine in Human Blood, in vitro. It 
was shown in preliminary studies that the concentration of procaine 
obtained in the blood of patients undergoing local anesthesia in which 
a total of 0.5 to 2.5 gm. was used, ranged from 0.5 to 1.7 mg. per 
100 cc. of the free procaine (namely, tliat portion circulating with a free 
aryl amine) with about an equal amount conjugated (probably acetyl- 
ated on the amino group). Tests were, therefore, made in miro with 
concentrations of procaine ranging from 0.1 to 1,5 mg. per 100 cc. and 
with amounts of sulfadiazine up to 20 mg. per 100 cc. The results of 
an experiment with Type III pneumococci in human blood are sho^vn 
in Table 1. Procaine in concentrations of 1 mg. per 100 cc. or higher 
had a marked inhibiting effect in the bacteriostatic action of sulfadia- 
zine in concentrations as high as 20 mg. per 100 cc. Smaller concen- 
trations of the procaine had a moderate inhibiting effect on the action 
of smaller amounts of the sulfonamide. 


Table 1,— Effect of Procaine in vitro on the Bacteriostatic .‘Action of 
Sulfadiazine in Human Blood 


Added to 0.5 cc. defibrinated 
blood 


Sulfadiazine* 

Procaine* 

Bacterio- 

stasist 

0 

0 

0 

2.6 

0 1 

87,000 

2 5 

0.5 

87 

2.5 

1 0 

0 

2.5 

1 5 

0 

5 

0.1 

87,000 

6 

0.5 

87 

5 

1.0 

0 

6 

1.5 

0 


Added to O.S cc. defibrinated 
blood 


Sulfadiazine* 

Procaine* 

Baeterio 

stasist 

10 

0.1 

87,000 

10 

0.6 

870 

10 

1.0 

0 

10 

1.5 

0 

16 

0.1 

87,000 

15 

0.6 

870 

15 

1.0 

0 

15 

1.5 

0 

20 

1.0 

0 

20 

1.6 

0 


* Mg. per 100 cc. 

t Largest number of Type III pneumococci which failed to show visible growth in 
48 hours; in this column 0 = less than the smallest inoculum used (8 or 9 diplococci). 
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Animdfonainide Action of Procaine in Human Serum in vitro. Tlie 
results of one of a number of experiments are shown in Table 2. In 
this experiment sulfathiazole was used in concentrations up to 40 mg. 
per 100 cc. Here again, procaine in a concentration of 1 mg. per 
100 cc. or higher permitted the free multiplication of T^^ie III pneu- 
mococci in the presence of concentrations of sulfathiazole as high as 
40 mg. per 100 cc. and 0.1 mg. of procaine per 100 cc. inhibited the 
action of 10 mg. per 100 cc. of sulfathiazole. 

Table 2. — Effect of Phocaike in vitro on the Bacteriostatic Action of 
Sulfathiazole in Human Serum 
0.5 cc. serum + CCOO Tj'pe III pneumococci + 


Sulfathiazole 
(mg./JOO cc.) 



Procaine (mg./lOO cc,) 



0 

0.01 

O.I 

1.0 

2.5 

0 

+ 

+ 

+ 

+ 

+ 

10 

0 

0 

-b 

+ 

+ 

20 

0 

0 

0 

+ 

+ 

30 

0 

0 

0 

+ 

+ 

40 

0 

0 

0 

+ 

+ 

heavy growth 

in 48 hours, 0 

= no visible growth. 




The following studies were carried out with blood obtained from 
human subjects in whom procaine was used either for local anesthesia 
in operative procedures or by .subcutaneous or intramuscular injection 
given specifically for this purpose. 

Table .3.— Effect of Procaine in vivo on the Bacteriostatic Action of 
Sulfadiazine in Human Blood 

Blood taken 




Before 

sulfadiazine 

Before 

procaine 

After 

procaine 

Subject A. 

Bacteriostasis* 

Lc.ss than 8 

8,200 

8 


.Sulfadiazine contentf 

0 

F 7.3 
T8.4 

F 7.7 
T8.4 

Subject B. 

Bacteriostasis* 

25 

25,000 

250 


Sulfadiazine contentf 

0 

F 9.9 

T 11.8 

■ F11.7 

T 14.0 

Subject C. 

Bacteriostasis* 

4 

44,000 

44 


Sulfadiazine contentf 

0 

F8.1 

T10.9 

F7 9 
T 11.6 


* Largest number of Type III pneumococci ivliicli failed to give visible growth in 
48 hours. 

t The sulfadiazine concentration (in mg. per 100 cc.). This includes procaine or its 
hydrolyzed product. On the basis of other observations the procaine should account for 
0.5 to 1.7 mg. per 100 cc. (free). E = free. T = total. 

A received 3 gm. of sodium sulfadiazine intravenously 3 hours before the procaine 
infiltration which took 30 minutes. The last blood was taken 40 minutes after a total 
of 2 gm. of procaine. 

B received 2.5 gm. of sodium sulfadiazine intravenously 3 hours before procaine 
injection. A total of 2 gm. of. procaine was injected subcutaneously in 30 minutes and 
blood was taken 1 hour later. (3 hours thereafter the blood level (calculated as sulfa- 
diazine) was 9.5 mg. per 100 cc. free and 12.4 mg. per 100 cc. total, and 25,000 organisms 
were killed) . 

C received 3 gm. of sodium sulfadiazine intravenously 3i hours before an intramuscular 
injection of 1 gm. of procaine in 30 cc. of saline and blood was obtained J hour later. 
After another IJ hours the same number of organisms were killed and the blood level 
was 7.7 mg. per 110 cc. free and 11.6 mg. per 100 cc. total. 

Effect of Procaine, in vivo, on the Action of Sulfadiazine in Human 
Blood. The results of studies in 3 patients are shown in Table 3. 
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Each of tliese subjects received an intravenous injection of sulfadiazine 
prior to the procaine injection. Blood was taken before each of the 
procedures and again at intervals after the injection of procaine. The 
greatest amount of inhibition was usually found to occur between 
I and 2 hours after the injection of procaine was completed. In each 
of tliese cases, although the exact amount of procaine in the blood was 
not determined, it is obvious tliat a marked inhibiting effect was 
exerted by the procaine on the antipneumococcal action of the sulfa- 
diazine in the blood. 

Similar experiments were carried out with sulfathiazole. With 
levels of this drug ranging from 2 to 4 mg. per 100 cc. injections of 
procaine totaling up to 1 gm. had only a slight inhibiting effect in some 
cases and none in others. 

Effect of Procaine in vivo in Hitman Serum. A number of studies 
were made with serum obtained from patients who had received pro- 
caine injections. The effect of tlie procaine in the serum on the bac- 
teriostatic action of added sulfathiazole was studied by bacterial 
counts made after varying periods of incubation. The result of one 
of these experiments is shown in Table 4. The concentration of 
“free” procaine was found to be 1.7 mg. per 100 cc. This amount of 
procaine had a definite inliibiting effect on the bacteriostatic action of 
sulfathiazole in concentrations as high as 25 mg. per 100 cc. 


Table 4. — Inhibiting Effect of Procaine in vivo on the Bacteriostatic Action of 
Sulfathiazole Added to Human Serum 


Sulfathiazole added 
(mg./lOO CO.) 

0 . . 

5 . . 

10 . . 

15 . . 

25 . . 


Organisms per cc. after 48 hours growth in 
serum obtained 


Before procaine 

3.460,000,000 

900,000,000 

11,000,000 
950,000 
97,000 


After procaine* 

2,200,000,000 

1.490.000. 000 

2.780.000. 000 

2 . 100 . 000 . 000 

1,610,000,000 


* Inoculum, 8300 organisms per cc. of serum. Concentration of procaine per 100 cc. 
of seitim: 1.7 mg. free, 3.3 mg. total. This serum was obtained from blood drawn 
i hour after subcutaneous injection of 1.5 gm. of procaine (without adrenalin). 


Cases Illustrating Local Inhibition of Sulfonamide Action by Procaine. 
The results of the foregoing studies indicate that when procaine is 
used for local anesthesia in operative procedures (such as hernior- 
rhaphies or operations on tlie gall bladder), or when equivalent amounts 
of this drug are injected subcutaneously or intramuscularly, concentra- 
tions of procaine or of derivatives containing a free aryl amine are 
absorbed into the blood in sufficient concentration to inhibit the bac- 
teriostatic action of large concentrations of sulfadiazine or sulfathiazole. 
That procaine injections may permit the development of infection at 
tlie site of infiltration even while adequate concentrations of sulfona- 
mides are maintained in the body, is illustrated in the following cases. 
Only the relevant details of these cases are presented. 

Case Studies. Case 1. This is one of the first cases of pneumococcal men- 
mgitis with recoverj’’ observed at the Boston City Hospital and many of the 
details have been reported elsewhere.® In this case, fever and symptoms of 
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meningitis appeared 2 weeks after the partial removal of a posterior fossa 
tumor in November, 1937. Sulfanilamide therapy was started at that time 
and continued over a period of about 9 weeks, a dose of 6 gm. daily being given 
during most of the first 6 weeks and 4 gm. aaily thereafter. Blood levels of 
about 10 mg. per 100 cc. were maintained most of this time. Occasional lum- 
bar punctures had been done during the first 2 weeks following the operation 
for drainage and for the relief of increased pressure. After purulent cerebro- 
spinal fluid infected with Type 17 pneumococci was obtained, however, lum- 
bar punctures were done 3 or 4 times daily. Procaine, 1 to 2 cc. of a 2% 
solution, was used for local infiltration of the skin and subcutaneous tissues 
prior to each puncture. Positive cerebrospinal fluid cultures were obtained 
intermittently during the first 10 days but the fluids obtained during the fol- 
lowing 3 weeks were all sterile. During the last week of this period, the sub- 
cutaneous tissues over the 3d, 4th and 5th lumbar spaces, particularly the 
4th, became soggy and tender. These were the spaces which had been used 
for the puncture. Increasing difficulty was encountered in entering the sub- 
arachnoid space due to underlying induration, but a free flow of clear fluid 
was obtained each time after the dura was entered. A sinus tract developed 
along the 4th lumbar space and this drained pus from which T 3 '^pe 17 pneu- 
mococci were obtained on culture. Fortunately, no epidural abscess .devel- 
oped and the cerebrospinal fluid did not become infected. When further 
punctures in this space were avoided, healing gradually occurred while sulfanil- 
amide therapj’- was being continued. The patient was discharged much 
improved at the end of the 12th postoperative week. 

Case 2. A 67 year old man was admitted to the hospital in November, 1940, 
10 days after a head injury. He was found to have purulent meningitis, and 
Type 19 pneumococci were obtained from cultures of blood and cerebrospinal 
fluid at entry. Treatment with sulfapyridine was begun promptly with an 
intravenous injection of its sodium salt followed by oral doses. Blood sulfa- 
pyridine levels were maintained at 9 to 11 mg. per 100 cc. during the 1st week 
and between 5 and 9 mg. thereafter. In addition, the patient received 330,000 
units of Type 19 antipneumococcus rabbit serum on the day after entry. 

Lumbar punctures were done daily during the first 12 daj'^s and again during 
the 4th week. Procaine, 2% solution, was used each time for infiltration of 
the skin and underl 3 dng tissues down to the dura. Blood cultures became 
negative but spinal fluid cultures continued to be positive for 6 daj'S during 
which the protein content and leukocyte counts dropped steadity and the 
sugar level reached and remained nonnal. From the 7th to the 19th day 
cisternal fluid was sterile. On the 4th day the back over the site of the lumbar 
punctures became red and indurated and this gradually extended as a cellulitis 
to involve a large area of the back. Culture of the wound at the 4th lumbar 
space yielded Type 19 pneumococci. 

The patient remained afebrile for about 10 days and seemed generally im- 
proved so the sulfapyridine was discontinued. Fever then recurred, as did 
the infection of the back, and the drug therap}"^ was resumed after 3 daj's. 
During this time signs of meningitis also recurred and both the blood and 
cerebrospinal fluid cultures again became positive and its sugar content dropped. 
In spite of continued therapy with sulfapj'ridine and later with sulfadiazine, 
both orally and parenterally, the patient’s fever and infection persisted and the 
patient died at the end of the 5th week. 

Case 3. A 66 year old man was admitted to the hospital in February, 1942, 
after a 4 weeks illness and was found to have an extensive but apparent!}^ 
resolving lobar pneumonia and purulent meningitis. 25 pneumococci 

were obtained from cultures of the blood and cerebrospinal fluid at the time 
of entry. Treatment with sulfadiazine was begun promptly and continued 
for 5 weeks during which the concentration of the drug in the blood was main- 
tained between 10 and 15 mg. per 100 cc. In addition, 240,000 units of 
Type 25 antipneumococcus rabbit serum Avas given intraA'enously on the day 
after admission. 

Lumbar punctures were done twice daily during the first 3 days, chieflj’' 
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for the relief of increased intracranial pressure, and at greater intervals there- 
after to observe the progress of the meningeal infection. Procaine in a 2% 
solution v’as used each time to infiltrate the skin and underlying tissues down 
to the dura. Blood cultures taken on the day after entry and later were all 
sterile. Cultures of all the cerebrospinal fluids obtained during the first 
48 hours were positive and subsequent ones obtained during the next 11 days 
showed no growth. During this time the protein and cellular content dropped 
almost to normal and the level of the sugar rose to normal and remained so for 
over a week. 

At the end of the second week in the hospital when the temperature, pulse 
and white blood cell count had been normal for 10 days and the lungs had 
completely cleared, another lumbar puncture was done. The fluid was clear 
and colorless with a protein content of 62 and sugar of 46 mg. per 100 cc. 
and a leukocyte count of 50 cells per c.nun., of which 40 were lymphocytes. 
Culture of this fluid, however, yielded Type 25 pneumococci. It was then 
noted that there was a small, red, indurated area under the skin at the 5th lum- 
bar space where all of the punctures had been done. Another pnncture done 
in the 3d lumbar space after this result was obtained yielded fluid which was 
sterile, although para-aminobenzoic acid had been added to the culture medium. 
At this time and after subsequent punctures 1 % sodium sulfadiazine in physio- 
logic salt solution was injected along the path of the needle as it was withdrawn. 
The local lesion cleared and there was no further evidence of infection. The 
patient was discharged improved after an additional 6 weeks of observation. 

Case 4. A 16 year old girl was admitted to the hospital Nov. 11, 1941, with 
a history of a chUl followed by fever, prostration and pleuritic pain of 1 day 
duration. The physical signs in the chest were consistent with fluid in the 
right pleural cavity, and the white blood cell count was 29,000 per c.mm. 
Sulfathiazole therapy in full doses was started promptly and continued without 
interruption for 5 weeks. During this time the blood levels of free sulfathia- 
zole ranged between 2.2 and 4.1 mg. per 100 cc. in spite of additional doses of 
3 gm. each of sodium sulfathiazole, intravenously given on several days. 

A thoracentesis was attempted on the day after admission but yielded 
no fluid from three different sites. On the 6th day, however, another chest 
tap yielded 5 cc. of yellowish-^een, odorless pus from which hemolytic Staphy- 
lococcus aureus was obtained in abundance and in pure culture. On the fol- 
lowing day 15 cc. of similar fluid was obtained from a second tap. Procaine 
was used to infiltrate the skin and underlying tissues down to and probably 
including the parietal pleura at each point. During the next 3 days, small 
abscesses developed at the site of each of the puncture wounds and extended 
deep into the subcutaneous tissues. On the 11th day a thoracotomy and rib 
resection was performed with 1 % pontocaine (which is not a p-aminobenzoic 
acid derivative) for local anesthesia. In addition to the abscesses in the 
thoracic wall, many loculated cysts were found extending into the interlobar 
fissure and down to the diaphragm.' All contained thick pus from which 
Staphylococcus aureus was cultured. The pockets were broken up into a large 
single cavity into which 10 gm. of powdered sulfadiazine was scattered and 
an iodoform gauze pack inserted. 

Cough productive of purulent sputum, fever and leukocytosis continued for 
another 4 iveeks during which the cavity decreased in size. The patient was 
discharged at the end of the 8th week with a small healing cavity. 

Comment. In each of the first 3 cases, procaine was repeatedly 
injected into the same areas. Infection, apparently conveyed from 
the subarachnoid space, developed along the track of the needle 
tliat wa^ used to penetrate the dura. This infection developed in 
spite of tlie continuous presence in tlie body of bacteriostatic concen- 
tration of sulfonamide drugs. That effective sulfonamide bacterio- 
stasis was maintained throughout the rest of the body at tlie time is 
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indicated in Cases 1 and 3 by the fact that there was no evidence of 
active infection of the spinal fluid when the organisms were obtained 
from the tissues and also by the failure of reinfection to occur when the 
dura was penetrated by the needle which had passed through the in- 
fected tissues. It is fair to assume that the sulfonamide bacteriostasis 
was inliibited in the tissues locallj'’ by the high concentration of pro- 
caine tliat was present at the site of infiltration and that this inhibiting 
action lasted long enough for infection to become established in that 
area. In Case 2 tlie local infection of tlie skin and subcutaneous tis- 
sues was extensive and may have been a source of reinfection. 

In Case 4 infection with a hemoljd;ic Sfaphylococcits aurem, which is 
generally less amenable to sulfonamide therapj’, became established 
at each of the sites where procaine infiltration Avas carried out in 
attempting to do a tlioracentesis. Infection from the underlying lung 
or pleura became established along the track of tlie thoracentesis needle 
in each instance. 

This complication of procaine anestliesia may be avoided in one of 
two ways: either (1) a different drug may be used which is not of 
tlie p-aminobenzoic acid series" and that will not have the sulfona- 
mide inhibiting effect; or (2) a small amount of sulfonamide drug may 
be injected from a different syringe through the same needle lA'hile it is 
being ivitlidrawn. For most sulfanilamide derivatives 0.5 to 1% .solu- 
tion of the sodium .salt in physiologic saline will serve the purpose. 

With respect to the sy.stemic sulfonamide inliibiting action of pro- 
caine absorbed from an area of local infiltration, it is fair to assume 
that this effect is not significant clinically except in rare cases. Procaine 
like p-aminobenzoic acid-‘ is conjugated in the body and it is excreted 
in the urine in both the free and conjugated forms at a much more rapid 
rate than are any of the effective sulfonamides now in general use. 
This inhibiting action should, therefore, be of importance only in 
patients with severe infections in Avhom a delay of a few hours in the 
effective action of a sulfonamide drug may be crucial. When used m 
spinal anesthesia, the amount of procaine absorbed into tlie circulation 
and present in a form in which it might have an antisulfqnamide action 
is probably very small indeed.® The high concentration of the free 
procaine in the spinal fluid, hoAvever, may be of importance, particularly 
if infection is accidentally introduced. 

Conclusions. Procaine, in amounts ordinarily employed for local 
anesthesia, may be absorbed into the circulation in sufficient concen- 
tration to exert a definite inhibiting effect on the action of sulfonamide 
drugs that may be present in the blood. 

Infeetion introduced into an area Avhieh has been infiltrated Avith 
procaine may become established locally in spite of the continuous 
presence in the body of bacteriostatic concentrations of sulfonamide 
drugs. 

It is desirable to use local anesthetic drugs other than p-aminoben- 
zoic acid deriA^atiA'es for infiltration AA^hen performing exploratory 
■ punctures of potentially infected areas. Procaine, or similar anesthet- 
ics of the p-aminobenzoic acid series should also be aAmided m extensive 
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operative procedures on patients having severe infections in 
rapid and effective action of sulfonamide drugs is essential. 
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THE TOXICITY OF SULFADIAZINE 
Observations on 1357 Cases 
By Major Norman Plummer, 

MEDICAL CORPS, ARMV OF THE UNITED STATES 
AND 

Charles Wheeler, M.D. 

instructor in medicine, CORNELL UNIVERSITY MEDICAL COLLEGE 
NEW YORK, N. Y. 

(From The New York Hospital and Department of Medicine, Cornell University 

Medical College) 

T-HE greater clinical value of sulfadiazine over the other commonly 
used sulfonamide drugs depends in great measure upon its relatively 
lower degree of toxicity.^-^ It has seemed important to us to record 
and evaluate the toxic reactions that have appeared in the patients 
treated with sulfadiazine or sodium sulfadiazine on all of the services 
at The New York Hospital. The chief advantage of this study is that 
every patient was^ seen daily by physicians on the alert for the occur- 
rence of sulfonamide reactions, and the recognition of signs of toxicity 
was further aided by a hospital routine which included in almost all 
cases daily measurement of fluid intake and output, blood count, 
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urinalysis, and blood sulfadiazine determination. In addition there 
were frequent other blood chemical studies, routine Roentgen ray and 
bacteriologic procedures, and in many cases urologic and dermatologic 
consultations. We feel that A'^er 3 ’^ few toxic reactions were overlooked; 
on the other hand, all reactions included were well substantiated. 

To jNIaj’’ 1, 1942, we observed a total of 1357 patients treated with a 
daily dosage of 3, 4 or 6 gm. of sulfadiazine* orall.y over a period of 
2 daj'^s or more, or with at least 2.5 gm. or more dailj'^ of sodium sulfa- 
diazine intravenousl.y. Of these, 1113 received sulfadiazine orallj^ and 
244 received sodium sulfadiazine intravenouslj’-, either alone or supple- 
mentary to sulfadiazine bj'^ mouth. Of the patients receiving oral 
sulfadiazine, therapy lasted between 2 and 14 days in 973. However, 
120 patients received sulfadiazine for more than 2 weeks, and 18 
patients for more than 4 weeks. Twenty-nine patients each had more 
than 8 injections of sodium sulfadiazine intravenousljL Patients of 
all ages were included (Table 2). Of the 1113 patients who were given 
sulfadiazine orallj'’, 912 received a dailjf dosage of 6 gm., 86 received 
4 gm., and 115, 3 gm. The infants and children included in this study 
were given a dailj’' dosage of at least 0.1 gm. of sulfadiazine or sodium 
sulfadiazine per kilogram of bodj'^ weight and therefore are included 
with the adults on the 6-gm. daily dosage. The 244 patients who 
were given sodium sulfadiazine intravenouslj'^ received 2.5 gm. (10 cc. 
of 25% solution) everj'- 8 to 24 hours, the time interval depending upon 
whether sodium sulfadiazine was used alone or supplementary to oral 
therapJ^ 

Important factors which might be expected to influence the occur- 
rence of toxic reactions are: (1) Dail.y dosage of drug. (2) Presence or 
absence of previous sulfonamide therapj’- (or previous reactions to the 
sulfonamides). (3) Total dose of drug and the length of time during 
which the drug is administered. (4) Route of administration. (5) Age 
of patient. (6) Presence or absence of impaired renal function. (7) 
Fluid balance. (8) pH of the urine. 

Before determining the influence of these different factors, a base- 
line for the toxicity of sulfadiazine was created by ascertaining the 
incidence and severity of reactions under the most usual conditions of 
therap.y — those that most often prevail in the hospital in the treatment 
of such conditions as pneumonia, meningitis, and puerperal and surgi- 
cal infections. It is to be particular^ noted that adjuvant alkali 
therapy was not gi^^en to these patients as a proph^ylactic measure 
against renal reactions. This treatment was instituted later and has 
proven effective in preventing renal reactions.®-® An analj^sis of these 
later cases compared with those included in this paper is being made 
separatety.'^ 

Toxicity Under Usual Conditions of Therapy. We found that there 
were 705 individual patients in our series (Column 3 of Table 1) who 
had received an oral dosage of sulfadiazine of 2 or 4 gm. initially, fol- 
lowed by 1 gm. every 4 hours continued for not less than 2 da.ys or 

* The sulfadiazine for most of these patients was kindly supplied bj' Lederle Laborar 
tofies, Inc., Pearl River, N. Y. 
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more than 14 clays, none of whom had had sulfonamide therapy pre- 
viously and none of whom received sodium sulfadiazine intravenously. 
Patients of all ages were included in this group. The fluid output in 
most of these patients was well maintained; none of the patients had 
serious impairment of renal function. 

Of the 705 patients, 62 (8%) exhibited some definite evidence of 
toxicity to sulfadiazine. The corollary, of equal interest and signifi- 
cance, is that 643 (92%) of the jiatients treated orally with a full thera- 
peutic dosage of sulfadiazine showed no recognizable toxic manifesta- 
tions. The much lower incidence of minor toxic effects following 
sulfadiazine are also impressive, as compared with those of sulfanil- 
amide, sulfapyridine, or sulfathiazole. Practically all patients taking 
sulfapyridine are made “sick” by the treatment; if they are not 
severely nauseated and vomiting, at best they have no appetite, appear 
pale and gray, and are depressed and unhappy. During therapy with 
sulfanilamide and sulfathiazole, although severe vomiting is much less 
common than with sulfapyridine, the patients are frequently off-color 
and depressed, complaining commonly of nausea, headache, or other 
symptoms. The patient on sulfadiazine therapy is usually totally 
different. He usually takes the. drug without the slightest complaint; 
nausea or loss of appetite is rare, his color is normal, he is not depressed. 
Long^- has recently stated that the frequency of important toxic reac- 
tions following sulfadiazine is only 6.5% as compared with 11.9% 
following sulfanilamide, 15.9% following sulfapyridine, and 18.6% 
following sulfathiazole. 

The most common toxic effect following sulfadiazine in the 705 
patients (Table 1, Column 3) was renal irritation. This reaction 
occurred in 34 patients (4.8% of the group). Its significance becomes 
obvious when it is noted that of the 62 patients who showed signs of 
toxicity, 34 had those of renal irritation. Two of the 34 patients had 
fever also, and 1 both fever and a rash. Drug rash and fever occurred 
14 times (2% of the 705 patients). Therefore, in this large series 
only 15 patients (2%) had any reaction otlier than renal irritation or 
rash and fever. The rise in temperature accompanying the drug 
rashes was sometimes only slight. Drug fever alone was recognized 
only once. A definite drop in the total number of white blood cells 
below 3000 per c.mm. or in the granulocytes below 35% was observed 
in 6 cases, but in none pf these did the total white count fall beloAv 
2000 per c.mm., or the percentage of granulocytes below 10. In none 
of the patients were changes in the red blood cells recognized. In 1 of 
the surgical cases, however, a severe thrombocytopenia resulting in 
death occurred following 6 days of treatment with sulfadiazine in a 
dosage of 6 gm. daily. This was the only fatal toxic reaction in the 
total group of 1357 patients.* Severe nausea and vomiting occurred 
5 times, and there was 1 case of conjunctivitis and 1 of severe headache 
and vertigo. 

* Since this paper was written, an additional 1496 patients have been treated in 
The New York Hospital with sulfadiazine orally or sodium sulfadiazine intravenously 
’W’ithout another fatality in the 2853 cases treated to date. 
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Table 1. — Toxic Reactions AraER Sulfadiazine Theuapa' 
Oral Buifndinzinc— 1 1 13 patients 


2 or 4 (un. initially, followed by 






0 gm. daily* 

iSodium 







sulfadia- 





2 to 14 days inclusive 

zinc I.V. 








with or 





No previous ’Previous 

without 



3 Erin. 

4 gm. 

sulfon- 

sulfon- Over 

sulfadia. 



daily* 

daily* 

amides 

amides 14 daj’s 

zinc orallj 

• Total 


113 

80 

70.3 

87 120 

244 

1357 


patients 

patients 

patients 

patients patients 

patients 

patients 

Reaction 

1 

2 

3 

4 5 

0 

7 

Renal reaction 


4 

31 

4 3 

16 

oS 

Renal reaction with druR fever 



2 



2 

Renal reaction with rash and fc\cr 



1 


2 

3 

Drug rash and fever 



13 

2 2 

2 

19 

Druq rash with leukopenia . 
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1 

Druu rash with peripheral neuritis 





1 

1 

Drue rash with stomatiti.s . 





1 

1 

l-icukoiieiiia and/or eranulocytoiieniu 


1 

(> 

2 4 

o 

15 

Drug fever alone 

. 1 


1 

1 1 


4 

Nausea and vomiting 


O 

.3 


2 

fl 

Thrombocytopenia 



li 



It 

Jaundice— possible hepatitis . . 





2 

2 

ConjunctiUtis 



1 



1 

Stomatitis 





i 

1 

Headache and vertigo .... 



1 



1 

Encephalopathy 





i 

1 

Arthralgia .... . . 


1 




1 

Total patients with reactions . . 

. 1 

8 

02 

10 10 

30 

121 

Per cent with reactions .... 

O.S 

0.2 

8.0 

11.5 8.3 

12.3 

8.9 



Suvitnari/ 




Total patients with renal reactions 


4(4.7%) 

00 

4(4.8%) 3(2.5%) 

18(7.4%) 

63(4.0%) 

Total patients with drug rash . . 



14 

3 2 

0 

25 

Total patients with drug fever . . 

. 1 


3 

1 1 

1 

7 

Total patients with W.B.C. effects 


1 

0 

3 4 

2 

16 

Total patients with misc. reactions 


2 

8 

.. 

8 

IS 


* All patients treated for at least 2 days, 
t This was the only fatal toxic reaction in the series. 


Influence of Daily Dosage of Drug. For <an evaluation of the role 
played bj'- daily dosage of drug upon the toxicity of sulfadiazine, we 
have for comparison with the 6-gm. per day series 2 groups of cases, 
each treated with a lower dosage. In 1, the patients received 4 gm. 
daily (Table 1, Column 2), and in the other, 3 gm. daily (Column 1). 
The 86 patients given 4 gm. each day showed approximately the same 
percentage of reactions as did those who were given 6- gm. daily. 
Howe\'er, it happened that none of the 86 patients developed a drug 
rash, and there was 1 case of arthralgia, which is one of the rare toxic 
conditions due to sulfonamide therapy. 

That the incidence of toxic reactions is influenced by the daily 
dosage of sulfadiazine is indicated, however, by the fact that in 115 hos- 
pital patients receiving 3 gm. per day there Avas only one toxic reaction, 
a moderately scA^ere drug feA'er that occurred on the 10th day of 
therapy and Avithout preAuous use of the sulfonamides. Further cau- 
dence that there is a very Ioav degree of clinical toxicity folloAving a 
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3-gm. per day dosage of sulfadiazine comes from our observations on 
approximately 200 ambulatory patients not included in Table 1 . Each 
of them received the 3-gm. amount for a period of 4 days and had at 
least 1 urinalysis and 2 blood counts during the time of therapy. In 
this group we discovered 1 ease of mild granuloc.ytopenia and 3 of mild 
renal irritation. While these findings show a very low degree of 
toxicity, they also indicate that reactions can occur with such a low 
dosage of sulfadiazine, and they present another warning against the 
overenthusiastic and careless use of the sulfonamides. 

Concentration of Sulfadiazine in the Blood. The toxic reactions in 
1155 patients who had frequent measurements of blood levels have 
been analyzed according to the concentration of drug in the blood. 
Of 117 patients showing less than 5 mg. per 100 cc. of sulfadiazine in 
the blood, 1.8% developed toxic reactions; of 505 having 5 to 10 mg. 
per 100 cc. concentration, 7% showed reactions; of 371 with 10 to 
15 mg. per 100 cc., 12.8% had toxic symptoms; and of 162 patients 
with more than 15 mg. per 100 cc., 14.8% showed evidences of toxicity. 

The 3-gm. daily dosage of sulfadiazine gave concentrations in the 
blood of 5 mg. per 100 cc. or less in 46% of the patients, of 5 to 10 mg. 
per 100 cc. in 36%, of greater than 10 mg. per 100 cc. in 18%. The 
corresponding values for the 4-gm. daily dosage were only slightly 
higher. On the other hand, with the 6-gm. daily dosage the concen- 
tration in the blood was less than 5 mg. per 100 cc. in only 5.8%, 
between 5 and 10 mg. per 100 cc. in 48.7%, and greater than 10 mg. 
per 100 cc. in 45.5%. 

The Effect of Previous Sulfonamide Therapy. Our observations con- 
firm those of Finland and his co-workers® and do not prompt the degree 
of concern that has been registered by some clinicians'®’” regarding 
the dangers of repeated courses of sulfonamide therapy. Eighty-seven 
of our patients given 6 gm. of sulfadiazine daily had had previous sul- 
fonamide treatment (Table 1, Column 4), and 10 of them (11.5%) had 
reactions, compared with 8% of the 705 patients similarly treated but 
without sulfonamides at a previous time. This increased incidence 
of toxic reactions seems to be significant because of the slightly higher 
incidence of drug rash and white blood cell effects; the incidence of 
renal complications was the same in both series. 

We haA^e observed a variety of relationships between reactions and 
previous sulfonamide treatment. For example, 1 patient developed 
an acute febrile reaction after a test dose of each of the sulfonamides: 
sulfanilamide, sulfapyridine, sulfathiazole, and sulfadiazine. In 
another patient, first sulfap^Tidine, then sulfathiazole, and finally 
sulfadiazine produced a drug rash and fever. In the case of drug 
rashes, fever, and blood dyscrasias, a possible sensitization phenomenon 
is more likely than in the case of a reaction such as a renal complication, 
which is apparently most frequently, if not always, of a mechanical or 
chemical nature. 

Our cases show a few instances in which sulfadiazine was well 
tolerated by patients who had previously manifested toxic effects from 
sulfathiazole, and many examples of a similar tjqie when sulfadiazine 
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was administered to patients m’Jio Jiad shown a marked intolerance to 
sulfanilamide or sulfapyridine. The reverse of this— tolerance to tlie 
other sulfonamides after intolerance to sulfadiazine— occurred but was 
less common. 

No definite rules can be made for subsequent sulfonamide treatment 
in patients who have exhibited evidences of intolerance to sulfonamides, 
except that in such cases one alwaj^s must be doubly cautious. It is 
true that most of the fatalities following the sulfonamides have oc- 
curred after some unheeded warning. In 1 instance, a patient treated 
Avith sulfathiazole had had a drug rash and fever 2 Aveeks before the 
occurrence of acute agranulocytosis and death. Another case, reported 
in a previous communication,*'* of fatal aplastic anemia and toxic hepat- 
itis folloAving sulfapyridine AA'as preceded several Aveeks by drug fcA'er. 
Many such cases might be cited. We haA'^e, on the other hand, treated 
Avith great caution but successfully jiatients Avith past records of 
granulocjdopenia, rashes, and fcA'er folloAAu’ng the sulfonamides. In 
most instances there has been no repetition of the previous reaction. 
This practice is dangerous and should be avoided except AAdiere the 
treatment is urgent. 

Total Dose of Drug and Length of Time Administered. One hun- 
dred and tAventy patients Avere treated Avith sulfadiazine for more than 
14 da 5 ^s (Table 1, Column 5), AAuth 8.3% of reactions compared Avith 
9.1% in the entire group of 792 patients receiving the same daily 
dosage of sulfadiazine but for less than 14 days (Columns 3 and 4). 
Drug rash, drug fever, and toxic effects on the AAdiite blood cells rarely 
occurred before the 5th day of either oral or intravenous treatment. 
Following oral therapy, renal irritation rarely occurred before the 
4th day, but following sodium sulfadiazine intravenously it often 
appeared on the 2d or 3d day, and in 1 instance on the 1st day. Our 
data do not suggest that the patient who has been receiving the drug 
for more than 3 to 4 weeks is safe from toxicity, as has sometimes been 
stated, any more than that a short course of therapy is entirely safe. 
An important rule to folloAV in the use of the sulfonamides is to dis- 
continue the drug as soon as the danger of toxicity outAveighs its useful- 
ness. It is true that in an individual case the longer the drug is con- 
tinued the greater is the chance of reaction in that case. It is not good 
practice to continue sulfonamide therapy indefinitely in obscure infec- 
tions in Avhich the A^alue of the drug is at best questionable. 

We haA'-e treated patients for exceptionally long periods of time. One 
patient with subacute bacterial endocarditis receiA^ed a total dosage of 
1333 gm. of sulfadiazine, and 4 others AAuth the same condition received 
betAA'een 400 and 500 gm. continuous treatment AAuth decreasing dosage 
of drug extending for periods as long as 4^ months. These patients 
AA'ho receiA^ed the drug oA^er periods of seA'eral months did not shoAv any 
unusual toxic, manifestations due to the prolonged treatment. 

Route of Administration of Drug. The use of the sodium salt of 
sulfadiazine intraAmnousIy has been a life-saAu'ng measure in many of 
the patients Avho haA'e been unable to take sulfadiazine orallj' or haA^e 
been in desperate need of immediate optimal treatment, but the 
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dangers of toxic reactions are greater. In 244 patients who were given 
1 or more intravenous injections, 30 (12.3%) had some form of reaction 
as compared with 8.9% of reactions in 912 patients treated orally with 
6 gm. daily. More striking than the difference in the total reactions is 
the difference in the renal reactions with 18 occurrences (7.4%), in 
the 244 patients treated intravenously, as compared with 41, (4.5%) 
in 912 patients treated orally. Also, there were 2 cases of mild and 
transitory jaundice with possible toxic hepatitis probably attributable 
to the intravenous therapy, whereas in the 912 cases of oral therapy 
there was no such occurrence. 

Age of Patient. The age distribution of patients having toxic reac- 
tions is shown in Table 2. The most significant finding is a lowered 
incidence of reactions in the group less than 1 year of age. A greater 
tolerance for the sulfonamides by infants than b.y adults has been 
suggested. According to our analysis, the decreased incidence of total 
toxicity in infants is accounted for by a low incidence of renal reactions. 
Whether renal complications are less frequent in infants, or are not 
readily recognized, cannot be stated. Conceivably, increased alkalin- 
ity of the urine of infants compared with the urine of adnlts may result 
from dietary differences or more frequent vomiting, thereby reducing 
renal toxicity. 

Table 2.— Age Distbibution of Patients With Toxic Reactions 


Age in 
years 

No. of 
patients 

No. of patients 
with reaction 

Percentage with 
toxic reaction 

0- 1 . 

127 

5 

3.9 

1- 5 . 

82 

S 

9.8 

5-10 . 

44 

6 

13.6 

10-20 . 

100 

14 

14.0 

20-60 . 

805 

72 

S.9 

60-80 . 

199 

16 

8.0 


1357 

121 



Renal Reaction and the Influence of Impaired Renal Function, Fluid 
Balance, and pH of Urine. Our table shows that following sulfadiazine 
therapy, renal irritation is by far the most common reaction, occurring 
in 4.6% of all cases, and meaning that more than half of all the patients 
having any reaction at all have a renal complication. This toxic reac- 
tion is especially common after intravenous sodium sulfadiazine, occur- 
ring in 7.4% of all the patients treated. Recent publications have also 
emphasized the importance of this reaction and have described a num- 
ber of resultant fatalities.^’®’®'*^’*®-'® 

The particular manifestations of renal irritation in the 63 patients 
in whom this reaction was observed are shown in Table 3. Nineteen 
patients had microscopic hematuria alone which could be accounted 
for only on the basis of the sulfonamide therapy. Nine patients had 
grossly blood urine._ Pain, alone occurred in 8 patients. In 13 cases 
pain was accompanied by microscopic hematuria and in 10, by gross 
hematuria. The distribution of oliguria in respect to other evidences 
of renal complication is listed in Table 3. The renal pain experienced 
was of several tjqies. Alore commonly it was flank pain and tenderness 
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similar to that of renal infarct. Typical ureteral colic occurred in some 
of the cases, and in a few the pain and tenderness were of a severe, 
generalized abdominal type suggesting appendicitis or mesenteric 
thrombosis. Oliguria was definitely recognized 7 times, and was most 
common Avhen the other symptoms were most severe, although in 1 
instance it occurred without any other finding. Anuria developed in 
only 2 cases, and in neither of these did it exist for more than 24 hours. 
All of our patients who experienced renal complications recovered with- 
out treatment other than cessation of sulfadiazine therapy, forcing of 
fluids, and administration of alkali. In no instance was it necessary 
to resort to ureteral catheterization and lavage. None of the patients 
who had histories of renal complications from sulfadiazine has been 
found to have any permanent renal impairment due to the sulfadiazine 
therapy. 

T.ABLE 3. — MANn'ESTAT10N.S OF ReXAI. IRRITATION 



No. of 

No. with 


patiriiLs 

olipirm 

Microsmijii! lieinaliiria .... 

. . 19 

0 

Gros.s licmaturiii 

. . 9 

2 

Pain 

. . S 

1 

Pain and micro-scopia liomaluria . 

. . 1.3 

1 

Pain and pross liomaturia 

. . 11) 

2 

Oliguria only 

. . 1 

1 

Total 

, . (>3 

7 


Seven of the (i8 patients who had had renal irritation later die of 
other causes and were examined at necropsy. Of these, 6 showed renal 
lesions attributable to the toxic effect of sulfadiazine, consisting of 
concretions of drug in the renal pelves and deposits of drug within 
the renal parenchyma with tubular degeneration and associated inter- 
stitial inflammatory reaction and occasionally secondary degeneration 
of the nephron. The kidneys of .39 patients who died during or soon 
after treatment with sulfadiazine, in whom renal irritation had not 
been recognized during life, were also examined at necropsy and patho- 
logic changes like those described above were observed in only 3. In 
none of the 9 patients who showed at necropsy renal damage attribut- 
able to sulfadiazine were the lesions sufficiently e.xtensive to justify 
the belief that permanent and serious impairment of renal function 
would have ensued had the patient lived. 

While impaired renal function may have an influence upon the inci- 
dence and seriousness of renal reactions following the use of sulfon- 
amides, of greater clinical importance is the effect of sulfonamide irrita- 
tion of the urinar.v tract upon the prognosis in renal disease. The 
nature of the pathologic changes that occur in the kidneys following 
sulfadiazine therapy would strongly suggest that their superimposition 
upon those already caused by severe renal disease would aggravate 
the primary condition and possibly produce or make more serious a 
uremic condition. A re^dew of the fatal kidney reactions that have 
been reported in the literature following sulfadiazine therap.y® and also 
sulfathiazole and sulfapjTidine reveals that in a number of them this 
was apparently the nature of the death. Our present series includes 
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none of these cases; the drug has been used in patients with renal 
insufficiency only when there was great need for it, and at times in 
reduced dosage as indicated by the blood sulfadiazine levels. 

The pH of the urine definitely influences the incidence of renal reac- 
tions following sulfadiazine which in most, if not all, cases is due to the 
precipitation of sulfadiazine compounds in the kidneys and urinary 
tract. Recently it has been shown®-® that the solubilities of sulfa- 
diazine and particularly of N 4 -acetylsulfadiazine, the compound usually 
precipitated in the urine, increase markedly with increasing pH within 
the physiologic pH range of urine. For example, 512 mg. of N 4 -acetyl- 
sulfadiazine can be dissolved in 100 cc. of buffer solution at pH 7.5 
compared with only 18 mg. per 100 cc. at pH Furthermore, 
crystalluria, evidences of renal irritation or of urinary tract obstruc- 
tion, were not encountered in approximately 200 patients in whom the 
urine was maintained neutral or alkaline by adjuvant alkali therapy 
during treatment with 6 gm. daily or more of sulfadiazine orally, or 
with sodium sulfadiazine intravenously.’^ On the basis of clinical 
studies, 15.6 gm. dailj" of sodium bicarbonate (or amounts of other 
organic sodium salts with equivalent available base excess), divided 
into 6 doses of 2.6 gm. (40 gr.) administered every 4 hours, is recom- 
mended as the dosage usually appropriate to mamtain tlie urine neutral 
or slightly alkaline during sulfadiazine in adults. We did not observe 
any gastro-intestinal upsets or other undesirable effects from this 
dosage of sodium bicarbonate. In the instance of patients suffering 
from heart failure or impaired renal function, it has been ad^'ocated 
that sodium salts be used cautiously. 

We do not consider the maintenance of a large daily volume of urine 
to be as important a safeguard against the renal reaction as it seems 
generally to be thought. One-fifth of our 63 patients who had the renal 
reaction had never had a 24-hour urine volume of less than 1000 cc., 
and in several the reaction occurred although the output of urine had 
always been more than 2000 cc. daily. We mention this point chiefly 
to demonstrate that forcing fluids alone is often insufficient and to 
emphasize the additional need and efficacy of alkali therapy. 

Summary and Conclusions. 1. The toxic reactions that occurred in 
1357 hospital patients treated with sulfadiazine orally, or with sodium 
sulfadiazine intravenously alone or in combination with sulfadiazine 
orally, are tabulated and analyzed. In this entire group there was 
1 fatality, a case of thrombocytopenic purpura which was attributed 
to sulfadiazine. 

2. Eight per cent of- 705 patients, who received 6 gm. of sulfadiazine 
daily for at least 2 days and not more than 14 days, showed evidences 
of toxicity. The renal reaction was the most frequent single toxic 
manifestation. 

3. With intravenous sodium sulfadiazine the incidence of renal 
reactions was almost doubled, and thereby the total incidence of reac- 
tions was raised. 

4. The effect of previous use of sulfonamide therapr' upon toxicity 
was observed in 8i patients, and in these there W'as a slightly increased 
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incidence of reactions attributable to a slight increase in drug rash, 
drug fever, and leukopenia. 

5. The renal complications comprised more than half of the toxic 
reactions following sulfadiazine in the entire series. With the indica- 
tion that this reaction can be prevented by proper fluid intake, together 
with appropriate alkali therapy, the total incidence of toxic reactions 
from sulfadiazine can be reduced to approximately 4%. 

6. This study indicates a decided superiority of sulfadiazine over the 
other commonly employed sulfonamides on the basis of a low degree 
of clinical toxicity. 
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GARGOYLISM 

Review of Literature With Report of Two Cases 
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(From the Child Guidance Home of the Jewish Hospital) 

In 1936, Ellis, Sheldon and Capon" described under the name of 
“Gargoylism” a s^mdrome complex which is characterized by chondro- 
dystrophic skeletal changes and deposition of a lipid-like substance 
in many of the body tissues. The name “Gargoylism” emphasizes 
the large head, grotesque, inhuman facies, and the deformed limbs 
which “suggest the appearance of gargoyles,” making the patients 
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look much alike. It has also been referred to as Hurler’s Syndrome, 
Dysostosis Multiplex and Lipochondrodysplasia. Although Hunter, 
in 1917,® was the first to call attention to this condition, Hurler, in 
1919,4 was the first to describe the disease as a separate clinical entity. 

In spite of the fact that the disease is easily recognized only a com- 
paratively few cases (50)4 j^^ve so far been reported in the world’s 
literature. This is an indication of its rarity. 

The following is a report of 2 cases studied at the Child Guidance 
Home: 

Report of Cases. Case 1. A. B., a white boy, was referred to the Child 
Guidance Home at the age of 7 years and 8 months for detennination of 
his mental status. Accordmg to the mother, the boy had been showing a 
gradual mental deterioration since the age of years. She stated that the 
boy had recited nursery rhymes at the age of 21 years, articulating well enough 
to be understood. Two years later, this interest in the rh 3 Tnes began to 
wane and his speech became indistinct. It is the mother’s feeling that deterio- 
ration, as manifested by progressive indifference to mental stimulation, has 
progressed steadily since that time. 

The family history showed that there was no blood relationship between 
the parents, neither was there a histoiy of epilepsy, mental or nervous diseases, 
alcoholism, glandular disturbances, feeblemindedness, or of congenital defects 
in the parents or collaterals. 

The patient was the oldest of 2 brothers. He was born to a primipara 
aged 24. Delivery was instrumental. He weighed 7 pounds and 2 ounces at 
birth. He was an extremely thin baby. Dentition began at 6 months. He 
walked at the normal time and began to talk at 1 year. Nutrition, sleep and 
excretory habits were normal up to that time. He suffered mild attacks of 
measles, whooping cough and chickenpox in early infancy. At 17 months he 
was hospitalized because of an increasing deformity of the spine. Roentgeno- 
graphic examination of the spine at that time revealed an atypical destructive 
lesion of the 1st and 2d luihbar vertebrse and a diagnosis of spondylitis of 
unknown origin was made. During his stay at the hospital, it was noted that 
the boy already had coarse features, thick wrists, large hands, and a very 
large head. He was examined several months later because of an apparently 
increasing hydrocephalus. Additional roentgenograms revealed retarded ossi- 
fication; the spine showed no changes from those previously noted. The 
sutures of the skull were firmly closed, and the bones of the skull seemed 
thicker than normal. Except for a marked hearing loss, the other findings 
were negative. 

Physical examination revealed a good nutritional state. The head was 
large with occipito-parietal flattening; the bossre were prominent; the face 
was large and expressionless; the orbits were wide set. There was marked 
puffiness of the upper eyelids. The nose rvas saddle-shaped, with wide nares. 
The lower mandible appeared to be smaller than normal and rvas misshapen. 
The lips were thick. The upper teeth were missing, while the lowers were 
markedly spaced, irregular, peg-shaped, and notched. The general impres- 
sion Avas one of grotesqueness and unreality. The boy’s posture was also 
characteristic; he stood rvith his knees slightly flexed; all the other joints, espe- 
cially the elbow joints, were also held in a flexed position, giving the child a 
very awkward appearance. The head rvas retracted backward and rested on 
the shoulders, which were slightly rounded. There was a marked thoraco- 
lumbar kyphosis and a slight lumbar scoliosis to the right. As a result, the 
abdomen protruded and resembled a pot belly. The hands were small, but 
broad, with short tapering fingers. Incurving of all the fingers was also noted. 

The boy was_4 inches under height for his age. His weight was normal for 
his age and height. His measurements were as follows: The circumference 
of the skull was 21^ inches (55 cm.), bitemporal 13| inches (34.5 cm.), torso 
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16.} inches (42 cm.), upper extremities 18 inches (46 cm.), lower extremi.'ies 
26 inch^_ (66 cmO, vertex to sjTnph3'sis 21} inches (55 cm.), s}Tnphy.sis to 
floor 2I2 inches (55 cm.), span 39 inches (99.5 cm.), chest 24 inches (61 cm.) 
waist 26 mches (66 cm.), and hips 27 inches (69 cm.). ’ 

There were no undue deposits of fat, although the boj’- was rather plump. 
The .sfan on the face was rather smooth, while the skin on the rest of the bodj^ 
was di3' and rough. The hair on the head was drj'^ and coarse. There was 
marked hj'pertrichosis of the extremities and of the back. The th3Toid gland 
was not enlarged. 



Fig. 1 Fig. 2 Fig. .3 


Fig. 1. — C. B. at the age of 0 years 8 months, and A. B. at the age of 7 years 8 months. 
Xote the verj' tjTiical posture uif h the retracted head, the .short neck, pot belly, tendency 
to umbilical hernia and the flexed joints. 

Fig. 2. — Side view of C. B. at the age of 0 years 8 months. Note the retracted head, 
the short neck, the rounded shoulders, the thoracolumbar k 3 'phosis, the pot belly, and 
especially the flexed po.sition of the elbow and knee joints. (Figure.s on vertical line 
represent height in feet.) 

Fig. 3. — Bear xdew of A. B. at the age of 7 years 8 months. Note the retracted head, 
the short neck, the rounded shoulders, the thoracolumbar kiTiho-sk, and the flexed 
elbow joints. (Figures on x-ertical line represent height in feet.) 


The chest wa.s barrel-shaped. The heart and lungs were negative to percus- 
sion and auscultation. There was a marked umbilical hernia, the ring easity 
admitting 2 fingens. Both the liver and .spleen were greatl3’^ enlarged. The 
lower edge of the liver was palpable about 4 finger-widths below the right 
costal margin. ITie edge of the spleen was eaEil3’- palpable just below the level 
of the umbilicus. The genitalia were small, both testes being in the external 
rings, which were ver3' large. No secondar3' sex characteristics were present. 

The neurologic e.xamination was negative, except for the absence of the deep 
tendon reflexes, and the patient’s insensitiveness to pain. Bone conduction 
was normal. 

The ophthahnologist reported as follows: “The e3'e movements were parallel 
and normal in the cardinal directions. The pupils reacted normall3^ to light, 
accommodation and consensuall3% Visual acuit3’’ was 20/30 in each e3’'e. The 
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come®, lenses, and medi® were normal; the fundi were negative; and the intra- 
ocular tension was apparently normal.” 

The otologist reported as follows: “Both drums could not be seen because 
of cerumen. Bone and air conduction rvere apparently decreased on both sides. 
On the audiometric test a hearing loss of over 50% in both ears w’as noted.” 

The roentgenographic findings were as follows: “A-P and lateral views of 
the skull showed an increase in size. The skull was thickened, and the sphenoid 
bone was unusually large. The sella turcica was larger than normal, but in 
proportion to the increased size of the skull. The paranasal sinuses were clear. 
A-P Anew of the chest shoAved the great vessels normal in position, shape and 
size. The heart Avas someAA'hat enlarged to both sides. The lung fields Avere 
clear. The diaphragm Avas someAvhat eleA'ated. A-P and lateral AneAVS of the 
thoracico-lumbar spine shoAved a subluxation of the 2d and 5th lumbar A^rtebr® 



Fig. 4.— Note marked eA'idence of gargoylism in the tA\-o brothers. (Figures on A’-ertical 

line represent height in feet;) 

Avhicli Avere greatly reduced in size. The anterior margins of the bodies of the 
A®rtebr® AA®re rounded. The bone age as detemined from the ossification 
centers Avas 4 years, giAnng.the child a bone quotient of 50.^ The hands espe- 
cially shoAA®d marked shortening of the bones, AA'hich Avere A®iy broad and thick. 
There was tufting of the terminal phalanges and marked incurving of the 
little fingers. All the bones shoAved poor mineralization." (Figs. 5, 6 and 7.) 

The blood count shoAved 4,560,000 red blood cells, 9300 AA'hite cells and 
300,960 platelets. Hemoglobin Avas 13.3 gm. The differential count revealed 
38% neutrophils, 49% lymphocytes, 8% monocytes, 4% eosinophils and 1% 
basophils. There Avas slight anisocytosis and slight potychromasia. Occa- 
sional stippled red cells AA'ere seen, and some of the monocytes appeared 
abnormal. 

The blood serologic tests Avere negative. The sedimentation rate (Cutler) 
Avas 24 mm./60 min. The coagulation time AA'as 2 minutes; the bleeding time 
was 3 minutes. The prothrombin time (Quick) Avas 23 seconds. Chemical 
values: fasting blood sugar 76 mg., N .P.H. 27.3 mg., urea N 10 mg., creatinine 
1.4mg., calcium 11 mg., phosphorus4.5mg., phosphatase 4.7 units (Bodansky), 
chloride 607 mg. as NaCl., cholesterol 132 mg., total protein 7.24 mg., albu- 
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Fig. 5 


Fig. S 


Fig. 5. Case 1. (A. B.) Roentgenogram of skull showing flattening of occipital 

region, prominent frontal bossre, and slightly enlarged sella turcica. Skull as a whole 
is enlarged. 

Fig. 8. — Case 2. (C. B.) Note the large and thickskull with prominentfrontal bossa;. 
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min 4.64 gm. and globulin 2.6 gm. The blood diastase was 137 units (Somogyi). 
The direct van den Bergh reaction was negative, while the indirect reaction 
showed a trace of bilirubin. The icteric index was 10. 

The urinalysis Avas negative. The urine diastase determination showed 
20 units of diastase. The hippuric acid liver function test (Quick) showed 
an output of 2 gm. of benzoic acid in 4 hours. 



Fig. 6. — Case 1. (A. B.) Note marked incurving of all the long bones, especially 

the tibia. 


The tuberculin tests, both P.P.D. No. 1 and P.P.D. No. 2, tvere negative. 

Except for sinus arrhythmia, the electrocardiogram tvas Avithin noimal limits. 

An attempt was made to obtain an electro-encephalogram, but because of 
the patient’s uncooperativeness, this could not be carried out. 

On the rcArised Stanford Binet Test, Form L, the boy made a mental age of 
2 years, thus giving him an Intelligence Quotient of 25. He Avas also tried on 
the Seguin Form Board, but made no score. On the Vineland Social Maturity 
Scale, the boy obtained a Social Quotient of 55.4. 

The boy’s behaAuor during his stay at the Home AA'as extremely immature 
and characteristic of a markedly intellectually retarded child. He was A^erj’’ 
pleasant and cooperatiAm to the best of his ability, which, howeA^er, Avas 
definitely limited. _ He Avas unable to carry out simple directions and needed 
constant superAusion. His speech Avas guttural, muttered, and indistinct. 
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His memory for both past ann recent events was very poor. He was depend- 
ent on others for his personal needs, being unable to dress or undress him- 



Fig. 7. — Case 1. (A. B.) Note subluxation and reduction in size of 2d and 5th lum- 

bar vertebra; also the peculiar roundness of the anterior margins of tlie bodies of all 
the vertebra. 

self. He could not even feed himself properly. His reactions were entirely 
those of a feebleminded child, no psychotic manifestations being present. 



LURIE, levy: gargoylism 


191 


Case 2. C. B., a brother of A. B. (Case 1), was 6 years and 9 months old 
when fii-st seen at Child Guidance Home. Like his older brother, he was 
referred for determination of his mental status. The boy was attending the 
first grade in a public school, where he was not making satisfactory progress. 
The mother also noted that the boy was beginning to present symptoms similar 
to those of his brother. 

The birth and delivery were uneventful. His birth weight was 8 pounds. 
He teethed at the normal time, began to talk at the age of 1 J years and started 
to walk when he was about 2 years old. Nutrition, sleep and excretory habits 
were normal. Like his brother, he suffered from measles, whooping cough and 
chickenpox during his early infancy. He had never been hospitalized, except 
for a few days when a tonsillectomy was performed. The mother noted that 
the boy was subject to colds and upper respiratory infections and that his 
hearing seemed to be greatly affected when he had a cold. 

The boy had identically the same features as his brother. His head was 
very large with definite occipito-parietal flattening. There was bulging of the 
forehead with prominent bossas. The face Avas large and expressionless. 
The orbits Avere AAudely spaced. A typical saddle-shaped nose and flaring 
nares Avere present. The lips were thick, especially the loAver. The teeth 
Avere Avidely spaced, and someAvhat peg-shaped. The tongue was large, but 
othervAnse normal. His posture Avas identically the same as that of his brother. 
He stood with his knees slightly flexed. All the other joints, especially the 
elbow joints, Avere also held stiffly flexed, gmng the child a very awkward 
appearance. The head was retracted backward and rested on the shoulders, 
Avhich Avere slightly rounded. There was a marked thora'columbar kyphosis 
and a slight lumbar scoliosis to the right. As a result, the abdomen protruded 
and resembled a pot belly. The hands were small, but broad Avith short 
tapering fingers. Incurving of all the fingers was present. 

He Avas 2| inches under height for his age and 6 pounds overweight for his 
height and age. The measurements Avere as foUoAvs: The circuniference of 
the skull Avas 22 inches (56 cm.), bitemporal 14 inches (36 cm.), torso 15 inches 
(38.5 cm.), upper extremities 18j inches (46.5 cm.), lower extremities 26J inches 
(67.5 cm.), vertex to symphysis 22 inches (56 cm.), symphysis to floor 21 
inches (53.5 cm.), span 431 inches (110.5 cm.), chest 25 inches (64 cm.), waist 
27 inches (68.5 cm.), and hips 28 inches (71.5 cm.). The boy was plump, 
but there Avere no undue deposits of fat. The skin on the face AA'as smooth, 
Avhile on the rest of the body, it Avas rough and dry. The hair was dry and 
coarse. There was marked hirsutism of the extremities and of the back. The 
thyroid gland Avas not enlarged. 

The chest Avas barrel-shaped. The heart Avas not enlarged. HoAvever, there 
was a rough high-pitched systolic murmur, which was heard best in the 3d and 
4th intercostal spaces to the left of sternum. The lungs Avere clear both to 
percussion and auscultation. The abdomen Avas protuberant with a large 
umbilical hernia. The rmg easily admitted 2 fingers. Both the liver and the 
spleen Avere markedly enlarged. The liver edge Avas palpable about 2J finger- 
Avidths beloAv the right costal margin, while the edge of the spleen was palpable 
just beloAV the left costal margin. The genitalia were small. Both testes 
Avere still undescended, but could be palpated in the inguinal canals. There 
Avas a small left inguinal hernia present. No secondary sex characteristics 
Avere present. 

The neurologic examination Avas essentially negatwe. 

The report of the ophthalmologist was as follows: “The eye movements 
Avere parallel and normal in the cardinal directions. The pupils reacted nor- 
mally to light, accommodation and consensually. The visual acuity was 
20/30 in each eye. The comeEe,_ lenses, and medige were normal. The fundi 
were negative. Intraocular tension was apparently normal.” 

The otologist reported as follows: “Both drums were dull, and slightly 
injected, especially the right. Bone and air conduction were slightly de- 
creased on both sides. _ There also was an apparent hearing loss in both ears as 
measured on the audiometer. The exact amount could not be determined.” 
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The roentgenographic findings were as follows; “A-P and lateral views of 
the skull showed a marked increase in the size of the skull with thickened skull 



Fio. 9.— Case 2. (C. B.) Note thickened and broadened metacarpals and phalanges 

with terminal tufting. Also incurving of all fingers. Bone age 3 years. 



Fig. 10. — Case 2. (C. B.) Note lack of development of bones of pelvis and lower 

extremities in contrast to those of upper extremities and skull. 

bones. The sutures of the skull were finnl5'^ closed. The lower jaw appeared 
to be out of proportion to the size of the skull. The sella turcica was moder- 
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ately enlarged but normal in proportion to the increased size of the skull. 
The paranasal sinuses were clear. Both lung fields were clear. The heart 
appeared to be slightly enlarged to both sides. The chest as a whole appeared 
to be very small. The bones of the thoracico-lumbar spine showed roundness 
of the anterior margins of the bodies of the vertebrae. The pelvic bone's and 
joints were apparently normal. The child’s bone age as determined from the 
ossification centers was 3 years, the bone quotient being 43%.^ The hands 
showed shortening of the bones which was very broad and thick. There was 
marked tufting of the terminal phalanges and marked incurving of the little 
fingers. The mineralization of all the Ijones appeared to be poor.” (Figs. 8 
to 11.) 



Fig. 11. — Case 2. (C. B.) Note the peculiar roundness of the anterior margins of the 

bodies of all tlie vertebrce. 

The blood count showed 4,480,000 R.B.C., 7100 W.B.C., and 318,080 
platelets. The hemoglobin was 12.8 gm. The differential blood count showed 
48% neutrophils, 31% lymphocytes, 15% monocytes and 6% eosinophils. 
There was slight polychromasia present and some of the mononuclear cells 
appeared abnormal. Occasionally stippled red cells were seen. 

The blood Wassermann, Kahn, and Kline tests were negative. The blood 
sedimentation rate (Cutler) was 17 mm./GO minutes. Coagulation time was 
2 minutes, while the bleeding time was 3 minutes, 30 seconds. The pro- 
thrombin time (Quick) was 22 seconds. Chemical values: fasting blood 
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sugar 76 mg., N.P.N. 28.8 mg., urea N 9.8 mg., creatinine 1.4 mg., calcium 
11.1 mg., phosphorus 4.7 mg. The phosphatase was 4.6 units (Bodansky), 
chloride 624 mg. as NaCl, cholesterol 123 mg., total protein 7.19 gm., albumin 
5 gm. and globulin 2.19 gm. The blood diastase was 82 units (Somogyi). 
The direct van den Bergh reaction was negative, while indirect reaction 
showed a trace of bilirubin. The icteric index was 6. 

The urinalysis was normal. The urine diastase showed an output of 10 units. 
The hippuric acid test for liver function (Quick) showed an output of 1.9 gm. 
of benzoic acid in 4 hours. 

The tuberculin tests, both P.P.D. No. 1 and P.P.D. No. 2, were negative. 

The electrocardiographic record was within normal limits. 

An electro-encephalogram Avas made. Routine 6 lead bipolar and mono- 
polar tracings Avere taken. These rcA'^ealed a someAvhat irregular record AV'ith, 
hoAveA^er, a frequency ranging from 6 to 9 per second. Alpha frequencies 
Avere best developed in the parietal and the occipital regions. There Avas no 
eAudence of any focal abnormalities. The record as a Avhole appeared to be 
normal. 

On the reAused Stanford Binet Test, Form L, the boj’’ made a mental age of 
3 years, thus giAung him an Intelligence Quotient of 44. He Avas also tested 
on the Seguin Form Board and the Manikin Test and the results AA'ere similar 
to those made on the Stanford Binet Test. On the Vineland Social Maturit 3 '^ 
Scale, the boy obtained a Social Quotient of 74. 

During his entire stay at the Home the boy AA^as very tractable, but all his 
reactions were characteristic of a markedly inteUectuallj’’ retarded child. 
HoAveA’'er, he seemed more alert than his brother (Case 1). He was able to 
carrj’- out his routine duties fairty satisfactoriljq although he also needed 
constant super Ausion. His memory was poor both for recent and past events. 
His speech Avas more intelligible than his brother, although he Avas able to 
speak onlj" a feAA' AA'ords A^ery plainly. There was no indication of any psychotic 
behaAuor. 

Discussion. The clinical and laboratory findings as Avell as the data 
from the social history permit the diagnosis of Gargoylism in these 
2 cases. 

Both cases shoAved the characteristic skeletal deformities, marked 
enlargement of the spleen and li\"er, umbilical hernia and feeble- 
mindedness. 

One of the cardinal symptoms, namely, corneal clouding AA^as absent. 
HnAA-’ever, this is not of great significance: Cordes and Hogan^ haA^e 
pointed out that corneal clouding is absent in about 25% of the cases. 
EA'en Avhen present, it may be A^ery difficult to detect and hence may 
be overlooked. 'This is especially true, as in our cases, AAdiere slit-lamp 
examination AA^as not feasible. 

Of the laboratory tests, the most significant AA^ere those concerned 
with liver function, all of AAdiich gaA-e abnormal Amlues, shoAving defi- 
nite liAmr damage. All the other laboratory examinations including 
the electro-encephalogram and the electrocardiograms Avere of interest 
only from the standpoint of negative findings. 

The roentgenograms of the bones showed marked developmental 
retardation as Avell as structural changes. The skulls were enlarged 
but there was nothing characteristic noted about the sella turcica. 
The shortening and thickening of the bones of the hands as well as the 
incurving of the fingers Avere striking. 

It has been definitely established that Gargoylism is of congenital 
origin and familial in nature. It affects both sexes. Consanguinity 
apparentty plays no role. Neither are the parents of such children 
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mentally defective. In our cases, there was no consanguinity, neither 
were the parents mentally retarded. 

From the pathologic-anatomic standpoint, Gargoylism has been 
placed among the lipoidoses, abnormal storage of lipid-like substances 
being found in various tissues, principally in the reticulo-endothelial 
cells, the brain, cornea, pituitary gland, liver, spleen and lymph nodes. 
The deposits of lipid material appear in the form of fine, curved rod- 
like granules whose exact chemical nature is as yet undetermined but 
are said to be probably a complex compound of lipid and protein. 

The bony changes, however, cannot be explained on the basis of the 
lipid disturbance, as Washington^ has proven. According to him, the en- 
largement of the skull in these patients is due to a defect in the meso- 
dermal anlage of the top of the skull, while the anomalies in the 
vertebrae result from stresses on the bodies of the vertebrae whose 
cartilages have failed to develop. The elongation of the sella turcica 
as seen in the roentgenograms as Avell as the depression of the bridge of 
nose and the widening of the orbits are caused by abnormal develop- 
ment of the sphenoid bone. The disturbance in the epiphyseal growth 
resulting in dwarfism is probably due to the pituitary involvement. 
The restricted motion in the finger, wrist and elbow joints is apparently 
due to poor formation of the articular surfaces. 

All the other symptoms, such as the mental retardation, the sexual 
infantilism, the enlargement of the liver and spleen and the ocular signs 
are probably caused by the infiltration of the lipid-like substance into 
these organs. 

In regard to the symptomatology, most reports agree that at birth 
there are usually no abnormalities present. In a few cases, enlarge- 
ment of the head and some cloudiness of the cornea have been noted 
at birth. However, in the majority of cases, the first s5anptoms usu- 
ally appear between the 1st and 2d year of life when a failure in the 
normal development of these children is noted. The enlargement of 
the head and the dorsolumbar kyphosis are usually noted at this time. 
Growth soon seems to stop and normal physical and mental develop- 
ment ceases altogether, and the child begins to assume the character- 
istic features which give this condition its name. 

This condition must be differentiated from Morquio’s disease.® 
The principal differential diagnostic signs are that in the latter condi- 
tion, there is no limitation of motion of the joints of the body, and the 
children are not feebleminded. 

Summary. Two cases of Gargoylism, occurring in brothers, are 
reported; and the etiology, clinical and laboratory findings, pathology 
and differential diagnosis are discussed. 
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SURGICAL REMOVAL OF ADRENAL ADENOMA WITH RELIEF 
OF CUSHING SYNDROME 

By Seymour F. Wilhelm, jM.D. 

ATTENDING GENITO-UUINARY SURGEON 
AND 

Lt. Sidney Gross, jM.C. 

BILLIaVGS UE.VKKAL hospital, fort benjamin HARRISON, INDIANAPOLIS, IND. 

ATTENDING NEUROLOGICAL SURGEON, BETH ISRAEL HOSPITAL 
NEW YORK CITY 

(Fiom the Beth Israel Hospital) 

In 1941, a 46 year old man entered tJie Beth Israel Hospital present- 
ing the classical Cushing syndrome. The presence of an adrenal 
cortical neoplasm was suspected from the pyelographic studies and 
later confirmed by perirenal insufflation and laminography.^'’ 

The excretion of androgens in the urine was considerably elevated, 
Avhereas the estrogens were within normal limits, suggesting, according 
to Frank,®-® the probability of a benign tumor. 

At operation a large encapsulated adenoma of the right adrenal 
gland was excised and after a stormy postoperative course the patient 
made a complete recovery. Sixteen months after the operation, he 
felt well and appeared normal, having lost all the stigmata of his former 
disease. The postoperative course presented several typical and 
difficult problems. 

Case Report. Beth Israel Hospital No. 137160. A 46 year old man entered 
the hospital on November 18, 1941, complaining of dizziness and irritability. 
He was well until ty years ago Avhen he noticed blurring of wsion of his left 
e 3 ''e. At another hospital a diagnosis of diabetes and hypertension was made. 
On the adHce of physicians he submitted to the extraction of his teeth and 
later to tonsillectomy and vaccine injections. The dizz}"- spells continued, 
however, and were associated with headaches, poor memorj-^ and irritabilit 3 ". 
There was no nausea or vomiting. For the past 6 months the patient was 
sexTially impotent. 

The patient’s general appearance suggested Cushing syndrome (Fig. 1) 
with marked adiposity of the face, neck and abdomen. The face and neck 
were dusky red and there were purplish stria? on the abdomen. The testes 
were .small and flabb3’^ and the extremities Avere thin. 

The blood pressure Avas 190 s 3 'stolic and 118 diastolic. In the next 2 Av-eeks 
the systolic pressure A^aried betAveen 190 and 162, and the diastolic betAveen 
118 and 106. 

Urine examination shoAved glucose 4+ and albumin, heavy trace. On 
NoA-ember 26 and on December 8 the urine again shoAA-ed glucose 4+, but on 
December 19 and Januai- 3 '^ 2, it aa-hs negatiA^e. 

Blood glucose on November 19 Avas 168 mg. and on December 4, 244 mg. 
Blood non-protein nitrogen on NoA^ember 19 Avas 35 mg. Red blood cells 
AA-ere 4,930,000, hemoglobin 100, AA-hite blood cells 7600, polymorphonuclears 
70%, mononuclears 30%. A Roentgen ra 3 '^ of the skull shoAved diffuse osteo- 
porosis. 

Excretory urography reA’^ealed a large circular shadoAv in the right supra- 
renal region with doAATiAA'ard displacement of the right kidne3^ The left kidne3'’ 
AA’as normal and the function on both sides was good. 

On December 27, 500 cc. of filtered air was injected into the right perirenal 
space and the simple film and laminogram revealed a large tumor in the right 
suprarenal region (Figs. 2 and 3). 
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Androgen determination (17-ketosteroids) of the urine colorimetrically on 
November 22 showed 92.75 mg. excreted in 24 hours, a marked elevation. 
Estrogen excretion on November 22 was 110 international units calculated as 
estrone, or 11 tig. for 24 hours. This is within the nonnal range. 

On a salt-poor diet the patient lost 10 pounds and the blood pressure fell 
to 152 systolic, 104 diastolic. On November 30, December 1 and 2, 10 cc. of 
desoxycorticosterone (cortate) was administered. 



Fig. 1. — Pi'eoperative photograph showing adiposity of face, neck and abdomen. 


Operation. On December 3, 1941, the right kidney and adrenal were 
exposed through a lumbar incision (S. F. W.), The kidney appeared normal, 
but directly above it there was an encapsulated tumor mass abovit the size of 
an orange. Following resection of the 11th and 12th ribs, the tumor was freed 
from the posterior parietes and the diaphragm, and delivered into the wound 
attached only by a narrow vascular pedicle. The pedicle was ligated, doublj’’ 
clamped and cut, and then again ligated. The kidney was replaced and the 
wound closed in layers, 1 gauze packing and 1 rubber dam drain coming out 
of the posterior angle. 
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Pathologic Report (Drs. A. Plaut and H. Brody). Gross: Irregularly ovoid, 
moderate^ soft, tumor mass, 12 x 9.5 x 4.5 cm., weighing 284 gm. (Tig. 4). 
Except at one pole the tumor a])pears encapsulated. At this pole it is torn 
and its original state can no longer be judged. Stretched over one surface, 
over an area about 4 cm. in length and le-ss than 1 cm. in width, a small fold of 
nonnal-appearing suprarenal tissue can be recognized. Through the capsule 
the tumor appears irregulai'ly lobulated; it varies from yello\v-brown to brovui; 
large blood-vessels coui'se beneath the capsule. 



Fio. 2. — Simple film following perirenal insufflation, showing largo tumor above 
right kidney. Oblique view. 


On incision, corre-sponding to the external appearance, a .small piece of 
suprarenal cortex is applied to the tumor. The width of tins piece is slightl.y 
under 1 cm. On its cut surface two ahnost paper-thin, closely applied, folded 
cortical layers can be made out. These layers are very pale yellow, appar- 
ently very poor in lipoid. No medullary zone can be recognized. At some 
levels this portion of adrenal tissue is separated from the underlying tumpr bj’’ 
a gray stripe less than 0.5 mm. in thickness, suggestive of connective tissue. 
It does not hai'^e the characteristics of normal medulla. 

The tumor has a distinctly lobulated appearance. There is marked varia- 
tion in the appearance of the different lobules. Perhaps one-third to one-half 
of the tumor is necrotic, consisting of soft salmon-pink and bloody material. 
Adjacent to these necrotic portions numerous small thrombosed blood-vessels 
can be seen. The other nodules for the most part are a dull, light purple- 
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brown, but yellow areas are scattered about. Some of these have the color 
which is usually associated with the lipoid in adrenal cortex. _ Numerous 
cawties are present, some of which are also lined with sunilar bright yellow 
tissue. Some of the areas are peculiarly stippled with yellow and light brown, 
some areas are more opaque, others more translucent. There are occasional 
chalky yellow areas, presumably of necrosis. Sections were placed_ in various 
fixatives, the majority of the tissue being used for chemical analysis. 



Fig. 3. — Laminograph delineating tumor of right adrenal gland. 


Microscopic. Corresponding to the gi'oss picture, a small cap of suprarenal 
tissue rides on the large tumor. At a few points a suggestion of zona glomeru- 
losa can be made out. The fasciculata is greatly distorted and its cells are 
large and fat-laden. The fat is anisotropic. No medullarj'' tissue is found. 
The central veins are thick-walled. The suprarenal tissue is separated from 
the tumor bj’’ a connective tissue capsule and the suprarenal is stretched and 
thinned out along the capsule. 

The tumor is composed of coarse strands several cells in thickness, separated 
by a delicate connective tissue network (Fig. 5). In some places the strands 
broaden to form large sheets of cells. The cells are large and polygonal. The 
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cytoplasm is for the most part fine!}'' granular, although most cells show hyaline 
eosinophilic areas. The nuclei tend to be centrally located, are fairly regular, 
though large and occasionally rather bizarrely shaped nuclei are found. The 
cells contain onlj”^ occasional sudanophilic granules which are not anisotropic. 
Ho\yever, in the areas which Avere grosslj^ bright yelloAV, much anisotropic 
lipoid is present. The tumor contains numerous large vascular spaces Avith 
thin AA'alls about Avhich the tumor cells are oriented at right angles. 



Fig. 5. — Section of adrenal adenoma, X IGO. 


Thei’e are fairly extensiA'^e areas of hemorrhage, necrosis and inflammation. 

Chemical Analysis (Drs. M. S. Biskind and M. C. Shelesnyak). Part of 
the tumor AA^as ground and 2 aliquot samples AA'ere extracted Avith carbon 
tetrachloride, one in the vacuum extractor** and the other AA'ith the Soxhlet 
extractor. The phenolic (estrogen) fraction A\'as separated and androgens 
(17-ketosteroids) were determined colorimetrically. Identical results were 
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obtained -with both extracts; 1.14 mg. androgenic 17-ketosteroids per gram of 
tissue, or a total of 323.76 mg. for the tumor. 

Postoperative Course* The postoperative treatment was directed toward 
the prevention of adrenal cortical insufficiency. The patient was prepared 
before operation with the daily administration of 40 mg. of methyl testosterone 
for 4 days and 10 mg. of cortate daily for 3 days. An hour before operation 
1 cc. of cortical adrenal extract (Upjohn) was given intramuscularly. 

During the operation a transfusion of 500 cc. of whole blood was given, 
followed by a continuous intravenous infusion of 0.5% sodium citrate, 1% 
sodium chloride, and 10% glucose. Frequent blood pressure readings served 
as a guide for the administration of adrenal cortical extract. 

The patient's condition was excellent immediately after operation. The 
blood pressure was; systolic 160, diastolic 100. The blood pressure level 
dropped slowly during the day, but the systolic pressure remained above 100 
until noon of the next day (December 4). During the first 24 hours after 
operation, 19 cc. of adrenal cortical extract and 10 mg. of cortate were given 
in divided doses. In addition, SO mg. of testosterone were injected. 

During the next 24 hours, from noon, December 4, until noon, December 5, 
the systolic pressure fluctuated between 78 and 108, and the temperature 
between 102.8° and 104.6° F. The pulse was rapid and irregular, the abdo- 
men distended, and the patient was weak. During these 24 hours, 40 cc. of 
adrenal cortical extract was administered in divided doses. Normal saline and 
5 % glucose were given intravenously. Vitamins and calcium gluconate were 
administered. The urinarj^ output was satisfactory. 

During the next 3 days (December 5 to 8) the systolic pressure varied 
between 120 and 132. Sixty cc. of adrenal cortical extract, 10 mg. of deso^- 
corticosterone, and 50 mg. of testosterone were given. The patient’s condition 
was good, the temperature remaining at lower levels until December 7, when 
there was a rise to 103.8° F. with a chill. 

On the 5th postoperative day (December 8) the wound was found to be 
infected. The granulations were pale and in some places necrotic. The 
wound was opened widely and irrigated with Dakin’s solution. 

Urinary output was satisfactory until December 10, when the volume of 
urine was 360 cc. From December 8 to December 10, 35 cc. of adrenal cortical 
extract was administered, in addition to a large amount of saline solution. 
The systolic pressure fluctuated between 110 and 136. 

On December 10 the patient was very ill, the pulse and respiration Avere 
rapid, and the temperature around 103° F. The abdomen was distended 
and the Avound infection Avas unabated. The extremities became edematous. 
The blood sodium Avas 335.8 mg. per 100 cc. and the blood potassium 15.8 mg. 
per 100 cc. 

During the next 24 hours the urinary output Avas 600 cc. and the edema 
increased. Ten cc. of adrenal cortical extract had been given but this noAV Avas 
discontinued along Avith the sodium chloride. Sulfadiazine Avas administered 
to combat the resistant Avound infection and suspected bronchopneumonia. 

On December 12 the Avound infection had extended on to the anterior abdom- 
inal Avail as a braAvny cellulitis. This area Avas Avidely incised Avith the evacua- 
tion of thin foul pus. The tissues A\"ere edematous and in places necrotic. 
A transfusion of 350 cc. of AAffiole blood Avas folloAved by an infusion of 5 % 
glucose in distilled water. The higli fcA^er persisted and the patient’s condition 
became steadily Avorse. 

On December 13, the cellulitis had spread and there Avas visible generalized 
edema. The urinary output was 460 cc. in 24 hours. At 10.30 a.m., 1.1 cc. 
of mercupurin and 7.5 gr. of aminophyllin were injected and in the folloAving 
48 hours 7660 cc. of urine Avere voided. That afternoon at the suggestion of 
Dr. Arthur Fishberg the daily administration of 3 gm. of potassium chloride 
Avas begun. Sodium chloride and adrenal extracts were prohibited. 

On December 14, the patient appeared better and the systolic pressure 
remained betAveen 154 and 160. A transfusion of 250 cc. of whole blood Avas 
giA'en. 
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On December 15, the patient’s condition had greatly improved, the edema 
Avas diminished and the temperature had fallen to 102° F. On the next day 
potassium and sulfadiazine Avere discontinued. 

For the folloAA'ing 2 Aveeks the patient improA'^ed decidedly and the blood 
pressure Avas maintained at leA’^els above 130 sA^stolic and 76 diastolic Avithout 
adrenal cortical extract or desoxycorticosterone. Androgen determination of 
the urine on December 22 shoAved 15.24 mg. for 24 hours, Avhich is Avithin the 
normal range. 

On December 26, the patient began to eompiain of A\'eakne.ss, persistent 
nausea and occasional A'omiting. The blood sodium AA'as 297.9 mg. per 100 cc. 
and the blood potassium 22.3 mg. per 100 cc. On December 27 and 28, 
5 mg. of desoxycorticosterone AA-ere giA'en, and on each of the next 4 daj's, an 
aA^erage of 5 cc. of adrenal cortical extract. FolloAving ingestion of 1.5 gm. of 
potassium chloride, the sj^stolic pressure fell to 100. 

Ten cc. of adrenal cortical extract AA'ere then injected daily until January 9, 
Avhen the dailj' dose A\'as increased to 15 cc. On January 2 the urine Avas 
negatiA^e for glucose and on Januarj' 3, 350 cc. of AA'hole blood and an infusion 
of glucose and saline Avere giA^en. Despite the nausea and vomiting, the 
jiatient improved and sat out of bed on Januaiy 9. The temperature then 
rose to 101.8° F. 

On January 12 a slightly tender rounded mass about 6 cm. in diameter Avas 
felt in the epigastrium. The mass grcAV larger and more tender, but, Avhen 
aspirated on Januarj^ 14, no pus A\'as obtained. Culture shoAved Staph, aureus. 

At operation (S. F. W.) on Januarj”^ 16, a circular fatty tumor 7.5 cm. in 
diameter Avas found betAveen the peritoneum and deep rectus fascia. On 
opening the peritoneum, the mass AA'as seen extending along the falciform 
ligament AA'ith smaller infiltrated fatt}' nodules in the omentum. The mass 
AA'as largely but not completely excised and the pathologic report (Dr. A. 
Plant) shoAved inflamed fat tissue. 

The patient gradually improA'ed, the Avound healing by primary union. 
The systolic blood pressure fluctuated betAveen 120 and 140 and on Januarj' 18, 
adrenal cortical extract AA'as finally discontinued. Despite a mild phlebitis of 
the left leg on January 25, the patient Avas out of bed on Februaiy 4. He 
AA'as much improA'ed and had lost con.siderable Aveight. The temperature AA'as 
normal and the blood pressure AA'as 120 systolic and 92 diastolic. The testicles 
AA'ere firmer and the patient left the hospital on February' 8. 

Follow-up. On April 8, 1942, the patient Avas AA'eak but felt Avell. His 
physical appearance had changed remarkably. He Avas thin and looked 
3 'ounger. The red coarseness of the facial skin had disappeared. The blood 
pressure Avas 140 systolic, 100 diastolic. The testes AA'ere larger and firmer 
and sexual potency had returned. 

On May 25, the patient felt much stronger. 

On October 16, the blood pres.sure AA'as 130 systolic, 90 diastolic. A 24-hour 
specimen of urine contained 20 mg. of androsterone (non-phenolic 17-keto- 
steroids). 

On December 28, the blood pressure Avas 120 .sj'stolic, and 80 diastolic. 
Both incisions AA'ere firmly healed. The testes AA'ere normal and sexual potency 
continued. The patient felt AA'ell but had gained Aveight by overeating. 

On March 13, 1943, the patient said that he Avas perfect!}' Avell, but tired 
after heaAy exertion. The systolic pressure AA'as 128 and the diastolic 85. 

Comment. Cushing® in 1932 described the noAV Avell-knoAA'n syn- 
drome characterized by plethoric adiposity of the face, neck and trunk, 
purplish striae, acrocyanosis, polycythemia and A'ascular hj'pertension. 
This disorder Avas frequently accompanied by hj'perglycemia and 
osteoporosis, and in AA'omen by amenorrhea and hypertrichosis. The 
finding of a basophilic adenoma of the pituitary at autopsy in 3 of his 
cases led Cushing to belieA'e that this lesion AA'as the primary cause of 
the clinical picture. This belief is not commonly accepted. 
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The association of some of these s^Tuptoms with neoplasm of the 
adrenal gland has been known since 1756 Avhen William Cooke® reported 
his observations on a 7 year old girl who suffered from enormous 
adiposity and a copious growth of facial and genital hair. Since then 
many observers, including Apert, ^ Young, Oppenheimer and Silver’® 
and others^'’®-’® have reported examples of a clinical picture similar to, 
or practically identical with Cushing syndrome caused by adrenal 
cortical neoplasm. Arrhenoblastomata of the ovary and thymic 
tumors have also been reported with similar clinical features. 

A^lthough the first successful operation for adrenal tumor was done 
in 1889, it is only in the last decade that Broster and Vines,® Walters, 
Wilder and Kepler,’® Young,’^ Cahilff and others’®-’® have reported any 
considerable number, h'lost of these occurred in women. 

Adrenal operations for classical Cushing syndrome are quite un- 
common, and survival following the extirpation of an adrenal neoplasm 
in these cases is indeed rare. Walters, Wilder and Kepler’® reported 
great improvement in a 9 year old girl 6 months after operation. The 
remainder of their cases, as well as those of Cahill, Oppenheimer and 
Silver, and others, either died or suffered from adrenal carcinoma. 
Several patients succumbed shortly after operation in acute adrenal 
insufficiency. In some of these autopsy revealed atrophy or absence 
of the contralateral adrenal gland.®-® Others progressed favorably for 
several days but then gradually failed, becoming weaker, and finally 
succumbing to an intercurrent infection.’® Such patients apparentl.y 
suffered from a subacute adrenal insufficiency despite vigorous re- 
placement therapy consisting of adrenal gland extract, desoxycorticos- 
terone, and saline infusions. Atrophy of the contralateral adrenal in 
these cases is in all likelihood the result of prolonged hypersecretion of 
adrenal hormones by the neoplasm. 

In cases of carcinoma, on the other hand, the danger of postopera- 
tive adrenal insufficiency is obviously much reduced by the continued 
secretion of hormones by neoplastic residua and metastases. 

Summary. A 46 year old man presenting a classical Cushing syn- 
drome was found to be suffering from a large adenoma of the right 
adrenal gland. He was completely relieved of his symptoms following 
extirpation of the tumor and has remained well for over 16 months 
after the operation. 

Laminography and perirenal insufflation proved valuable in de- 
lineating the neoplasm. 

The urinary androgens (1 7-ketosteroids) were greatly elevated. The 
normal excretion of urinary estrogens suggested the likelihood of a 
benign neoplasm. 

The postoperative treatment Avas directed toAvard the prevention of 
adrenal cortical insufficiency. Frequent blood pressure readings 
served as an important guide for the administration of adrenal cortical 
extract, desoxycorticosterone, and saline infusions. On several occa- 
sions Avhen the systolic blood pressure fell beloAv 100, adrenal cortical 
extract (Upjohn) Avas administered intraAmnously Avith gratifying 
results. The efficacy of intraA'enous adrenal cortical extract precludes 
the necessity for prolonged preoperative preparation. 
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The danger of overtreatment Avith adrenal cortical extract, desoxy- 
corticosterone, and saline infusion was vividly illustrated from the 
7th to the 12th postoperative day. Oliguria and severe anasarca 
were successfully combated by the discontinuance of adrenal cortical 
extract, desoxj'corticosterone, and sodium chloride, and by the prompt 
administration of mercupurin, potassium chloride, and 5% glucose in 
distilled Avater. 
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HEART DISEASE IN SELECTIVE SERVICE EXAMINEES 
A Study of 20,000 Examinees in the Pacific Noethayest* 
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AND 

Edaa'ard M. Ceccolini, M.D. 
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(From the Armed Forces Induction Station) 

Heart disease occupies a major place among the nation’s health 
problems, and is at present responsible for an appreciable percentage of 
rejections from military service. This study ivas undertaken to deter- 
mine the types and frequency of heart disease among 20,000 consecu- 
tive Selective Service examinees appearing before the Army Examining 
Board at this station. No such survey has appeared thus far. 

Rowntree, McGill and Folk® in a statistical survey of the physical 
and mental causes for rejection in 18 to 36 year old examinees, reported 
cardiovascular defects to be responsible for an estimated 10.6% of 

* At the time this study was conducted the Station was situated in Tacoma, Wash., 
functioning as the U. S. Army Examining and Induction .Station. 
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total rejections. More recently, in a similar survey in Tennessee, 
Fenn and his associates® reported rejections for cardiovascular defects 
as 4.4% of the men examined. However, it should be noted that these 
figures include, in addition to heart disease, the various other cardio- 
-^^ascular causes for rejection such as hypertension ivithout cardiac 
disease, peripheral vascular disease, persistent tachycardia, and (in 
Rowntree, McGill and Folk’s study) varicose veins. McKinlay^ re- 
ported heart disease as responsible for 10.5% of 209 Selective Service 
examinees rejected by local board examiners in Minnesota for defects 
within the field of internal medicine. 

Our study is based on the examinations of 20,000 consecutive 
Selective Service examinees, ranging in age from 20 to 45 years, and 
representing a cross-section male population of corresponding age in 
the western half of the state of Washington.* These include urban 
and rural inhabitants; Professional men, white collar workers, skilled 
and unskilled laborers, and farmers. The vast majority is of the 
white race. A small percentage (less than 3%) include the Indian, 
negro, Chinese, and Filipino races, of which the Indian is the most 
common. 

Diagnosis was based upon the criteria adopted by the American 
Heart Association,® and recommended bj'^ the War Department," and 
was established by history, physical examination, exercise tolerance, 
stereoroentgenograms, t and when indicated, electrocardiograms. 


Table 1.— Types and Frequency- op Heart Disease Encountered in 


20,000 Examinees 

No. of 

Total cardiac 
rejections 

Rejections 
per 1000 

Type of heart disease 

cases 

(%) 

examinees 

Rheumatic 

183 

63.5 

9.15 

Congenital 

35 

12.2 

1.75 

Arteriosclerotic 

9 

3.1 

0.45 

Hypertensive 

6 

2.1 

0.30 

Hyperthyroid 

3 

1.0 

0.15 

Effort syndrome (neurocirculatory asthenia) 

3 

1.0 

0.15 

Paroxysmal tachycardia 

2 

0.7 

0.10 

Chronic constrictive pericarditis .... 

1 

0.3 

0.05 

Organic disease of unknown etiology . 

46 

16.0 

2.30 

Total 

288 

99.9 

14.40 


Table 2.— Rejections for Heart Disease as Compared to Rejections for All 
Phy-sical and Mental Defects in the 20,000 Men Examined 


Cause for rejection 

Heart disease 

All physical and mental defects 


No. of 
rejections 

288 

4820 


Total 

examinees 

(%) 

1.44 

24.10 


Relative t 
percentage 

6.0 

100.0 


Incidence and Types of Heart Disease. Heart disease Yvas observed 
in 288 of the 20,000 men examined, an incidence of 1.44%, or 14.4 
cardiac rejections per 1000 men examined. Rejections for cardiac 

* All Army induction examinations for the western half of the state of Washington 
are conducted at this Station. 

t Stereoroentgenograms were 4x5 inches in size, and taken at a target-film distance 
of 42 inches. Proper consideration was given this factor. 

t Percentage cardiac rejections as compared to total physical and mental rejections. 
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disease constituted 0% of total rejectiojis for j^liysieal and mental 
defects (Table 2). doable 1 summarizes the various types and fre- 
quency of cardiac disease encountered. Hheumatic heart disease was 
the most common, occurring in 183 examinees, or 63.5% of total 
rejections for heart disease and 9.15 men per 1000 examined. Con- 
genital heart disease was observed in 35 instances, or 12.2% of cardiac 
rejections and 1.75 men per 1000 examinees. Arteriosclerotic heart 
disease was observed in 9 instances or 3.1% of heart disease encoun- 
tered, and 0.45 men per 1000 e.xamined; in this group were 3 cases 
of myocardial infarction (all less than 1 year old), and 1 man exhibiting 
a well-defined anginal syndrome. Six cases (2.1% of rejections for 
heart disease; 0.3 men per 1000 examined) of hypertensive heart disease 
were present; these do not include examinees rejected for hypertension 
without cardiac disease. Three cases (1% of cardiac rejections; 
0.15 men per 1000 examined) of hyperthyroid heart disease were noted 
and were confirmed by high basal metabolic rates. Unequivocal effort 
.syndrome (neurocirculatory asthenia) was encountered in only 3 
instances (1 % of cardiac rejections; 0.15 per 1000 men) in our series. 
Two examinees (0.7% of cardiac rejections; 0.1 men per 1000) were 
rejected for paro.xysmal tachycardia.* One case (0.3% of cardiac 
rejections; 0.05 men per 1000 examined) of chronic constrictive 
pericarditis was Jioted. Forty-six cases (H)% of cardiac rejections; 
2.3 men per 1000 examined) of organic heart disease of undetermined 
etiology were encountered in our series. 

Table 3 represents the relative frequency of the various types of 
valvular involvement found in those men rejected for rheumatic heart 
disease. No examinee was rejected merely on the basis of a hi.story 

Table 3. — Valvui.ar Defectb in Examinees Rejected fob Rheumatic 

Heaht Disease 

No. of 

Valvular defect cascB Per cent 


Mitral 

. 152 

.83.1 

Insufficiency 

92 

50.3 

Stenosis 

22 

12.0 

Stenosis and insufficiency 

38 

20.8 

Aortic 

8 

4.4 

Insufficiency 

4 

2 2 

Stenosis 

1 

0.5 

Stenosis and insufficiency 

3 

1 . f) 

Comhinn! mitral amt aortic . 

. 23 

12.5 

Total 

. . 1.83 

100.0 


of rheumatic fever. The mitral valve was involved alone in 152 
(83.1%) of the 183 cases, mitral insufficiency- occurring in 92 men 
(50.3%), mitral stenosis in 22 (12%), and mitral stenosis and insuffi- 
ciency in 38 (20.8%). The aortic valve was involved alone in only 
8 examinees (4.4%); in these, aortic insufficiency was noted in 4 men 
(2.2%), -aortic stenosis in 1 examinee (0.5%), and aortic stenosis and 
insufficiency in 3 examinees (1.6%). Combined mitral and aortic 

* Examinees subject to attacks of paroxj'smal tachycardia are not acceptable for 
militarj- service (War Dept., Mobiliz. Reg. No. 1-9. .Sect- XIV, Par. 04d, March 1.5, 
1942). 
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lesions were present in 23 men (12.5%). In the last group, although 
specific diagnoses of the character of valvular involvement were 
included in our examination records, we are omitting these in this 
report because of the significant percentage of error undoubtedly asso- 
ciated with such attempted accuracy. 

The predominant congenital anomalies observed in the men rejected 
for congenital heart disease are summarized in Table 4. Interventricu- 
lar septal defect was the most frequent anomaly noted, occurring in 

Table 4. — Predominant Cardiac Defects in Examinees Rejected foe 
Congenital Heart Disease 

No. of 

Predominant cardiac defect cases 

Interventricular septal defect 11 

Patent ductus arteriosus 5 

Interventricular septal defect with congenital A-V block 1 

Interauricular septal defcrd, 1 

Coarctation of the aorta 1 

Pulmonary stenosis 1 

Undetermined types 15 


Total 35 

1 1 examinees. Patent ductus arteriosus was observed in 5 men. One 
instance of interventricular septal defect and congenital complete 
auriculov^entricular block was encountered in a 39 year old man. One 
case each of interauricular septal defect, coarctation of the aorta 
and pulmonary stenosis were present, the last associated with moderate 
cyanosis and marked clubbing of the fingers. There were 15 cases of 
congenital heart disease of undetermined t 3 ^pe. 

Earty to moderate congestive heart failure was observed in 5 in- 
stances, occurring in 2 examinees ivith rheumatic heart disease and 
mitral stenosis (1 of which also exhibited auricular fibrillation), in 
1 examinee with congenital heart disease, in 1 with hj^pertensive heart 
disease, and in 1 with organic heart disease of unknown etiology". Two 
cases of auricular fibrillation were encountered, both occurring in 
examinees over the age of 40, with rheumatic heart disease and mitral 
stenosis. 


Table 5.— Comparison Between Incidence of Heart Disease and 
Functional Murmurs 

Total 

No. of examinees 

cases (%) 

. 288 1 44 

, 297 1 48 


Heart disease 
Functional murmurs 


It might be of interest to comment briefly on several non-disqualify- 
ing cardiac conditions encountered in the 20,000 men examined. 
Among these were 2 instances of congenital dextrocardia, and 1 man 
with a previous bullet wound of the heart, the bullet having been 
surgicallj' excised, with subsequent cardiac function remaining unim- 
paired. Functional murmurs ivere noted in 297 (1 .48%) of the 20,000 
men examined, an incidence slightl.v higher than that observed for all 
forms of cardiac disease combined (Table 5). The occurrence of 
premature .s.vstoles was relativeh' infrequent, and maA' be due, as sug- 
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gested by White, to tlie cardiac acceleration resulting from the nervous 
tension and excitement associated with the induction examination. 
The majority of the paminees exhibited heart rates between 85 and 100. 

Comment. It is intended that this report be as brief as possible. 
However, several recent studies warrant mention despite the fact that 
the ages represented are not strictlj'- comparable. Cole,^ in a survey 
of the incidence of heart disease among 28,139 students at the Uni- 
versity of Wisconsin, observed organic heart disease in 1.02% of the 
students, with a sex relationship of 1.7 females to 1 male. Cuyken- 
dalP observed an incidence of 1.1 (54 cases) of 4991 male students at 
Cornell University. Rheumatic heart disease comprised 0.8%, and 
congenital heart disease 0.26% of this number; in addition 1 case of 
subacute bacterial endocarditis was encountered. 

The absence of syphilitic heart disease in our series warrants com- 
ment. It is apparently the result of 3 important factors: (1) exam- 
inees with positive serologic reactions for syphilis were disqualified from 
appearing before the Army Examining Board; (2) the low incidence of 
negro examinees at this station; and (3) the relatively small percentage 
of examinees over the age of 40 (approximately 9%). In view of the 
last, it is probable that the incidence of sj’philitie heart disease would 
have been low regardless of the preceding two factors, and conse- 
quently would not have significantly influenced the number of rejec- 
tions for heart disease. 

Summary. 1. A study of 20,000 consecutive Selective Service exam- 
inees, representing a cross-section of male population 20 to 45 years of 
age in the Pacific Northwest, revealed the existence of heart disease in 
288 men, an incidence of 1.44%. This figure constituted 6% of 
rejections for all physical and mental defects. 

2. Rheumatic heart disease was observed in 183 examinees, or 
63.5% of cardiac rejections and 9.15 men per 1000 examined. Con- 
genital heart disease followed in frequency, occurring in 35 men 
(12.2% of rejections for heart disease, or 1.75 men per 1000 examined). 
There were 9 instances of arteriosclerotic heart disease, 6 examinees 
with hjqiertensive heart disease, 3 cases each of hjqierthyroid heart 
disease and effort syndrome (neurocirculatory asthenia), 2 instances of 
paroxysmal tachycardia, and 1 case of chronic constrictive pericarditis. 

3. There were 46 cases of organic heart disease of unknown etiology, 
or 16% of total cardiac rejections and 2.3 men per 1000 examined. 

4. In the 183 examinees rejected for rheumatic heart disease the 
mitral valve was involved alone in 152 cases (83.1%), the aortic valve 
was involved alone in 8 examinees (4.4%), and combined mitral and 
aortic valve defects were observed in 23 cases (12.5%). 

5. Functional murmurs were noted in 297 examinees, an incidence 
of 1.48% of the total number of men examined. This figure represents 
an incidence slightly higher than that observed for all forms of cardiac 
disease combined. 

6. The figure of 288 men rejected for heart disease (1.44% of 20,000 
examinees) is of interest in comparison with the 4820 rejected for all 
physical and mental defects (24.1% of examinees). (See Table 2.) 
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The nutritional deficiencies of cow’s milk for adults are at present 
recognized as consisting largely of inadequate concentrations of iron, 
copper and manganese and frequently iodine, and a low caloric value 
in proportion to its bulk. The ascorbic acid content of most pasteur- 
ized milk is also inadequate. Although the thiamine content is actu- 
all 5 " quite low because of the high water content, it is adequate in 
relation to its caloric value. According to Melnick,-^ the thiamine 
requirement of adult humans is >350 micrograms per 1000 Calories. 
Whole cow’s milk having 3.5% fat contains, on the average, 750 micro- 
grams of thiamine per 1000 Calories. The surprisingly low nicotinic 
acid content of cow’s milk has not been yet reconciled with its estab- 
lished antipellagra value. The importance for adults of the normally 
low vitamin D has not been determined. 

* Paper No. 2078 Scientific Journal Series, Minnesota Agricultural Experiment 
Station, St. Paul, Minn. 

t Acknowledgments are due Dr. M. C. Tanquary for suggesting this research work, 
and for encouragement during its progress. The completion of this phase was made 
possible through a research grant from W. F. Straub & Company, Chicago, 111. 
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There have been verj^ few experimental studies in Avhich milk Avas 
the major article of diet for adults for a considerable period of time. 
Neff^'i described an experiment in which 9 men limited their diet for 

1 month to plain milk or gelatinized milk, with a supplement of 1 or 

2 oranges daily. All the subjects continued their regular laboratory 
Avork Avithout interruption and apparently remained in excellent health. 
InAun,-! describing the beneficial effects of milk as a dietary adjunct, 
states, that “For .3 months one Avinter seATral men students Ih’^ed on 
raAV milk supplemented AAnth the missing minerals and Avith orange 
juice. They drank as much as they Avanted— usually 3^ to 4^ quarts 
a day. They maintained their AA'eight, in fact some of the boys gained, 
and they all felt Avell and satisfied.” This experiment apparently has 
not been published in detail. 

Experimental animals haAm been employed for studies on the effect 
of extended feeding of liquid coav’s milk fortified AAuth minerals or 
calorigenic substances. Daniels and Hutton'* reported the successful 
rearing of 5 generations of rats on boiled milk after addition of only 
iron, iodine, aluminum, fluorine, manganese and silicon salts. Daniels 
and EAmrson'® found that a boiled milk-iron-copper diet sufficed for 
4 generations but that manganese Avas necessary for a 5th generation. 
Kemmerer et alP secured as good growth and development of rats and 
pigs on coAv’s milk supplemented AA'ith iron, copper and manganese as 
Avith a stock ration. . Anderson et alJ found that a supplement of iron, 
copper, manganese and cod-liver oil to raAv coav’s milk made it ade- 
quate for 2 generations of dogs, and maintained male dogs in normal 
health for 3 years. 

Van Donk and co-AAmrkers'*® found that the addition of sucrose to 
mineralized coav’s milk improved its value for growth, ovulation and 
reproduction of rats. The comparatiA'e chemical composition of milk 
and honey (aAmrage analyses) shoAvs that dark honey is 4.6 times 
richer in calorie A^alue, 5.3 times rieher in iron, 100 times richer in 
manganese and 7.3 times richer in copper than coav’s milk AAffiich AAmuld 
seem to make it an ideal supplement so far as its energj’^ and mineral 
deficiencies are concerned. Light honey is poorer in these mineral 
constituents (Table 1). Haydak, Palmer and Tanquary*'* haA'^e shoAAm 
that a coav’s milk-dark honey diet Avill both cure and prevent nutritional 
anemia in rats. 

Haydak'® subsisted for 3 months on a coav’s milk-honey mixture 
consisting of 100 gm. of honey per quart of milk. He found that his 
ability to AA'^ork AA^as normal and that no sluggish or tired feeling deA'el- 
oped. The clinieal observations AA'ere limited but shoAA'ed no loss of 
Aveight, normal boAvel moA^ements, absence of proteinuria and glyco- 
suria and slight rise in hemoglobin content of the blood. HoAA'CA'er, 
toAvard the end of the experiment, certain symptoms suggestive of 
Autamin C deficiency Avere noticed, consisting of fresh blood in the feces, 
dryness of the skin, a hyperemic area on the gums, numbness and 
ulceration of the tongue and small reddish papulae on the forehead and 
face. All these symptoms AA'ere promptly cured by orange juice. 

The present study Avas prompted by a desire to conduct a more 
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extensive investigation of the type carried on by Haydak, im’olving a 
larger number of subjects, a much more complete biochemical analysis 
of the blood and urine as well as a more comprehensive clinical and 
dental study. 

Tabi/E 1. — Composition of Mii.k and Honey. Amounts per 100 Cc. or Gm. 

Honey 



Milk 

Light 

Dark 

Calories .... 

... 69 

320 

,320 

Protein, gm. . 

... 3,5 



Ca, mg 

. . . 120 



P, mg 

... 93 



Cu, mg 

. . . .015 

,030* 

.11* 

Fe, mg 

. . . 24 

.24* 

1.28* 

Mg, mg 

. . . 12 



Mn, mg 

. . . .004 

,03t 

.41t 

Thiamine, fig. . 

50 

5.5 

5.5 

Riboflavin, gg. 

. . . 190 

61 

61 

Ascorbic acid, mg. 

... 2 

2.4 

2.4 

Nicotinic acid, mg. 

... .21 

..36 

.36 

Pantothenic acid, pg. 

. . . .40 

.10 

.10 


* Haydak, Pahner, Tanquavy.'^ 

t Schuette and Remy.’’ 

Diet and Methods. Five healthy individuals (4 males and 1 female) 
varying in age from 22 to 44 years were put on the diet consisting of a 
mixture of 1 quart of pasteurized milk with 100 gm, of light honey. 
The University creamery supplied the milk. A mixed honey (from 
sweet and white clover) from the University apiary was used through- 
out the experiment. The diet was carefully prepared daily, bottled 
and distributed to all the experimental subjects. 

Because pasteurized milk is low in ascorbic acid and is only a mod- 
erately good source of thiamine, a solution containing 65 mg. ascorbic 
acid and 1 mg. thiamine chloride was added daily to the diet of each 
individual as well as 1 drop of 10% solution of KI. There were 2 con- 
trol and 2 test periods for each subject. These were alternated and 
lasted for about 4 weeks. During the control periods the subjects ate 
their normal customary diet. No attempt has been made to record 
the diet during the control periods. There was a 3-day transition 
before the first test period but for the second test period this was 
abolished. 

All the participants started the milk and honey diet simultaneously. 
They kept a complete record of the amount of the mixture consumed. 
The number and the character of stools was also recorded daily as well 
as the general subjective feeling of each subject. 

At the end of each control and test period a thorough physical and 
dental examination was made, 50 cc. of blood and 24-hour urine samples 
taken for further study and a capillary fragility test performed. 
Blood and urine samples were also taken at the middle of each test 
period. The blood samples Avere taken before breakfast. The urine 
samples ivere kept in a refrigerator during collection and until analyzed. 

About the second day of the test period the tongues of all the sub^jects 
became coated with a white film and that phenomenon lasted through- 
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out each test period. As a rule, the bowel movements Avere normal 
in all the participants. The feces were light yellow in color and of 
soft consistency. One subject (W. N.) had occasional difficulty in 
defecation due to the hardness of the stools. One (E. V.) had diarrhea, 
of a day’s duration 4 times during the first period. Twitching of the 
eyelid was experienced by some individuals toward the end of the test 
diet, but this Avas also observed during the control period. One (W. N.) 
felt cramps in the stomach scA^eral times during the first Aveek of the 
first test period. Four days before the end of the first test period one of 
the individuals (R. R.) became ill (common cold). At the middle of 
the second control period another (E. V.) contracted virus pneumonia. 
Neither of these subjects participated in the second test period. 

Food Consumption. On the basis of data presented in the literature 
Table 1 AA'as constructed, shoAving composition of the milk and honey 
for use in computing the consumption of the various food components 
in Avhich AAm Avere interested. The data for the vitamin contents of 
the honey Avere taken from the corrected paper by Haydak and co- 
AAmrkers,^® the original values for the nicotinic acid being divided by 100. 

According to the Committee on Food and Nutrition of the National 
Research Council, the folloAving minimum daily requirements are sug- 
gested for adult humans : protein, 70 gm. j Calories, 3000; Ca, 800 mg. ; 
Fe, 12 mg.; vitamin A, 5000 I. U.; thiamine, 1.8 mg.; riboflavin, 
2.7 mg.; ascorbic acid, 75 mg.; nicotinic acid, 18 mg. 

Table 2 gives the aA'erage daily consumption for each individual as 
Avell as the consumption of A'arious e.ssential dietary components. It 
.shoAA's that except for nicotinic acid and iron the subjects in the first 
experimental period ingested more than the minimum daily require- 
ment of all the dietary units for AAdiich acceptable standards have been 
proposed. The iron intake, especially that of AB, AA^as considerably 
beloAV the normal requirement in both periods. A submaintenance 
Caloric intake AA'as one of the causes of this inadequaey and Avas 
accompanied by a loss of Aveight. 

Results of Blood and Urine Analysis. Determinations Avere made of 
the calcium, phosphorus, magnesium, ascorbic acid and pantothenic 
acid contents of the blood plasma. The thiamine, riboflavin and 
nieotinic acid contents of AA'hole blood were also determined. 

For the urine determinations, aliquots from the 24-hour samples 
AA'ere taken. The methods used AA'ere: for calcium, Clark and Collip® 
modification of Kramer and Tisdall procedure; for phosphorus, that 
of Fiske and SubbaroAv;*® for magnesium, that of Briggs;^ for thiamine, 
that of Hennessy and Cerecedo;*® for riboflaAdn, that of Snell and 
Strong;'*- for ascorbic acid, Bessey;® for pantothenic acid. Strong, 
Feeney and Earle;'*® for nicotinic acid, Snell and Wright.^® 

Table 3 shoAA's that the calicum, magnesium and inorganic P contents 
of blood plasma AA^ere AA'ithin the limits of normal variation, although 
the inorganic P tended to be on the loAA'er side of the normal range. 
HoAA'ever, there is no evidence that this AA'as related to the special diet 
employed. Robertson®® gives the A-ariations in Ca and inorganic P 
content of plasma for 60 normal adults between 20 to 40 years of age 
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as 9.9 to 11.1 mg./lOO cc. and 3.1 to 4.8 nig./lOO cc., respectively. 
HirscMelder”® considered the normal variation for the plasma Mg. to 
be from 1.8 to 2.5 mg./lOO cc. 

From the table it is also evident that the blood Impels for thiamine 
were within the limits of normal variation. Guhr/® Ritsert,®® Row- 
lands and Wilkinson,^® Sinclair^* found these limits to be between 3 
and 16.5 micrograms per 100 cc. and as Guhr has pointed out, the 
physiologic variations are larger, since some apparently normal indi- 
viduals have no more than a trace. 

The daily urinary excretion of thiamine in our investigation was 
considerably lower than the normal levels given in the literature, in 
spite of the fact that the daily intake was adequate according to 
present standards. A number of investigators® found the normal 
24-hour urinary excretion to vary from 60 micrograms to more than 
100 micrograms. Patients suspected of thiamine deficiency excreted 
5 to 70 micrograms daily. 

The blood levels of riboflavin were within the limits of normal varia- 
tion which were found to be from 0.35 to 0.5 micrograms/cc."’^’ Daily 
urinary excretions of riboflavin were also within the reported limits 
of normal variation (500 to 800 micrograms).'*® '*' 

The blood plasma level of ascorbic acid in our subjects was generally 
low but nevertheless was mostly in the reported lower limits of normal 
variation. Several investigators® found the limits to be from 
0.3 to 1.74 mg./lOO cc. However, as pointed out by Storvic and 
Hauk,'*® “A mean plasma value which is indication of saturation for 
one subject may signify partial depletion of stores for another.” 

Although the average daily excretion of ascorbic acid in our subjects 
was rather low, it still was within the limits of normal variation 
reported. Levcovich and Batchelder"'* found it to be from 6 to 29 mg., 
with the intake ranging from 27 to 253 mg. Storvic and Hauk'*® 
reported an increase in the daily urinary ascorbic acid excretion from 
26 mg. on a 50-mg. intake to 130 to 164 mg. on a 200-mg. daily intake. 

In our experiment there was no correlation between the ascorbic 
acid intake and the blood plasma level or the urinary excretion of 
ascorbic acid. At the beginning of the second test period A. B. and 
W. N., because of the high petechias count, received a daily supple- 
ment of 130 mg. of ascorbic acid. The blood and urine analysis at the 
middle of the period did not show any response to this change. Because 
the petechiae count of A. B. was still high, 195 mg. of ascorbic acid 
were added daily to her diet. This addition did not manifest itself in 
any way in the subsequent blood and urine analysis. 

There was no correlation between the number of petechiae and either 
the level of ascorbic acid in the blood plasma or the 24-hour urinary 
excretion. However, the number of petechiae diminished with the 
increased dose of ascorbic acid. It is of interest to note that Levco- 
vich and Batchelder^" found that, “The capillary resistance was not 
significantly affected by varying the amount of crystalline ascorbic 
acid added to the vitamin C free diet.” 

The pantothenic acid content of plasma in our experiment was, 
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except in the case of A. B., considerably lower than some ^'alues gi^’en 
in the literature. Stanbery ei al.^^ found that tlie pantothenic acid 
content of whole blood of 18 normal persons varied within fairly narrow 
limits, 0.19 to 0.32 micrograms per cc. The blood of 28 patients with 
pellagra, beri-beri, and riboflavin deficiency showed a decreased con- 
tent averaging 23 % to 50 % below the normal. According to Pearson,='= 
the blood plasma pantothenic acid content of humans is 17=i=3.3 micro- 
grams per 100 cc. However, Pelczar and Porter, =>3 employing a differ- 
ent microbiologic technique found the pantothenic acid content of 
whole blood of 17 normal persons to range between 0.03 and 0.099 
micrograms per cc. (av., 0.059). In view of the recent suggestion 
by Wright^® that the low value obtained by Pelczar and Porter®® are 
due to failure to determine the “combined” fraction, constituting the 
major portion of the total pantothenic acid in tlae blood, which fraction 
can be released by autoclaving, it may be stated that the samples of 
blood analyzed in the present study were subjected to autoclave tem- 
perature. Thus the values reported cannot be legitlmatelj* compared 
with the Pelczar-Porter normals. 

The 24-hour urinary excretion of pantothenic acid was quite constant 
for each individual and apparently was not influenced by the amount 
of the vitamins ingested. The excretion found is within the range of 
1.46 mg. to 6.79 mg. reported by Pelczar and Porter.®® 

The nicotinic acid content of the blood was, except in the case of 
W. N., lowerthan the normal levels reportedfor this vitamin. Melnick 
and co-workers®® give the nicotinic acid 'N^alues in the whole blood of 
normal adults as 0.54 mg. to 0.84 mg. per 100 cc. for males and 0.52 
to 0.74 mg. per 100 cc. for females. The average values given by 
Kochhar®® and Bandier"' are somewhat lower, namely 0.37=t0;13 mg. 
per 100 cc. and 0.37 mg. per 100 cc. respectively. The nieotinic acid 
intake in our experiment was considerably below the suggested mini- 
mum requirement for that vitamin. 

The daily urinary excretions of nicotinic acid were near the lower 
limits of the normal variations reported. The ranges found by various 
workers for normal individuals are as foIloAvs: Bandier,® 1.5 to 5 mg.; 
Ilaj^mond,®'* 3 to 5 mg.; Eosenbloom and Jolliffe,®'^ 3.4 to 10.2 mg.; 
Melnick et al.,^° 1.7 to 29.3 mg. 

Dental Study. A thorough examination of the subjects mouths 
was made on February 19, 1942. Cavities, relation of the bite, mobil- 
ity of teeth and especially the color, form and texture of the gums were 
recorded. Also bite-wing Roentgen rays of the posterior teeth and 
one regular dental film of the lower anterior teeth were taken. 

On March 27 the mouths were again examined and another set of 
Roentgen rays taken. A study of the radiographs showed no radio- 
graphic changes. Of the 5 mouths examined, 1 (A. B.) ^lowed no 
clinical changes from the first examination on Februar}" 19. The other 
4 mouths had a heavy, white, cheesy film covering the teeth and gums. 
Two of these subjects had a heavy coating of this film on the inside 
of the cheeks and on the tongue. All 4 had a general hyperemia and 
redness of the marginal gingiva throughout the whole mouth. The 
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areas recorded in the first examination (February 19) as hyperemic 
and red were more aggravated and were a brighter red in color. Also 
these areas had a more shiny surface and bled easily when probed. 
No change in gingival form was evident. The tongue of one of the 
subjects was marked with small red patches circumscribed with a 
white raised border. 

On May 28 (the end of the second test period) the mouths were 
again examined and another set of Roentgen rays taken. Again no 
radiographic changes were revealed. Of the 3 mouths examined the 
one showing no changes at the end of the first period again showed no 
clinical symptoms. The subject having the very heavy film on cheeks 
and tongue was advised to brush the teeth twice daily before beginning 
the second month of the experiment. This reduced greatly the white 
cheesy film present on the teeth and the soft tissues. There was less 
redness and hj’peremia of the gingival tissues than at the end of the 
first test period. The third subject again showed red patches on the 
tongue; also a heavy accumulation of the white cheesy material around 
the necks of the teeth, with edema and marked redness of the lower 
anterior gum. The gums bled profusely when only wiped and cleaned 
with cotton. 

Of interest was the fact that brushing did not seem to remove the 
heavy white film from the teeth after it once formed. However, as 
soon as the subjects returned to a normal diet this film disappeared. 
The same held true of the tongue having red patches; the patches 
disappeared on the second day after the normal diet was resumed. 
Also noteworthy was the fact that 2 of the men experienced a feeling 
of numbness and soreness of the teeth when first biting and masticating 
solid food. 

The development of the hyperemic, red condition of the gingival 
margins of the teeth is probably explained: (a) by chemical and 
bacteriologic irritation from the film that covered the teeth and gums; 
and (6) by lack of stimulation and mechanical cleansing of the gums 
normally derived from the mastication of solid food. 

Summary. Five healthy individuals varying in age from 22 to 
44 years were put on a daily diet consisting of a mixture of 1 quart 
of pasteurized milk with 100 gm. of light honey. A solution containing 
65 mg. ascorbic acid and 1 mg. thiamine chloride was added, dailj^ to 
the diet of each individual. There were 2 control and test periods 
lasting about 1 month each. 

The hemoglobin, Ca, inorganic P, Mg, thiamine, riboflavin, ascorbic 
acid, pantothenic acid, and nicotinic acid contents of the blood and the 
24-hour urinary excretion of the vitamins were determined at the end 
of each period. 

The results showed that the amounts of most of these constituents 
in the blood were within the limits of the normal variations given in 
the literature. The ascorbic acid values of the blood plasma were, in 
general, low, but mostly within the reported limits of variation for 
normal adults. The pantothenic acid content of blood was low for 
most of the subjects as judged by the more acceptable work of other 
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iin-estigators. Most of the nicotinic acid values obtained were sub- 
normal which is in line with the sub-standard intake of this vitamin. 

There was no correlation between the intake of ascorbic acid and 
the level of this vitamin in the blood or its excretion in the urine. 
The 24-hour urinary excretions of ascorbic acid were normal, although 
rather low, in spite of a rather large intake of ascorbic acid supplement. 

No correlation could be found between the number of petechiie and 
the amount of ascorbic acid in the blood or its excretion in the urine. 
However, there was a correlation between the number of petechiie and 
the amount of crystalline ascorbic acid added to the diet. 

The 24-hour urinary excretions of riboflavin and of pantothenic acid 
were normal and that of nicotinic acid near the lower limits of the 
suggested normal range without any special supplements of these 
vitamins. The excretion of thiamine was definitely subnormal in 
spite of an adequate intake provided in part by thiamine chloride 
supplement to the milk-honey mixture. 

The hyperemic condition of the gums observed during the test diet 
was probably not due to dietary deficiency. It could be explained by 
the physical character of the diet which did not provide for any masti- 
cation. 

Conclusion. This diet proved to be adequate to support life, but 
not to prevent deficiency .symptoms entirely. 
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THE DEVELOPMENT OF PULMONARY TUBERCULOSIS IN 
CONGENITAL HEART DISEASE 

By Oscar Auerbach, M.D. 
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ASSISTANT PATHOLOGIST 
STATEN ISLAND, N. Y, 

(From the Department of Pathology, Soa View Hospital) 

It is a commonly accepted premise that those individuals suffering 
from congenital heart disease, notably pulmonary stenosis, are particu- 
larly prone to develop, and later, to succumb to pulmonary tuberculosis. 
This premise is based chiefly on statistics compiled from case reports 
in the literature, 2 of the most complete tabulations being those of 
Norris*^ (1904) and Abbott- (1936). There are, however, feiv reports 
of specific cases in which congenital heart disease and pulmonary 
tuberculosis e.\isted concomitantly, and fewer still which explain the 
evolution of the pulmonary infection in relation to the cardiac anomaly. 
It is the purpose of this study to investigate the frequency of congenital 
heart affections in a tuberculosis institution, to determine the type and 
course of the pulmonary disease and to evaluate the efficacy and 
advisability of collapse therapy in the face of the cardiac handicap. 

Material. The material for the report includes 13 cases of congenital 
heart disease, upon 7 of which postmortem examinations were per- 
formed. These 7 cases were discovered during the course of 1545 
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examinations on tuberculous individuals, an incidence of 0.4%. This 
incidence may be higher than that encountered in other tuberculosis 
institutions since 250 of our 2000 beds are allotted to the pediatric 
service. It is considerably lower than that reported from institutions 
or services limited entirely to the treatment of children (5.5% Gelfman 
and Levine^®). It is approximatelj'- the same in general hospitals, if 
deaths under 2 years of age due to congenital cardiac anomalies are 
excluded (0.5% Gelfman and Levine;^“ 0.4% Cabot;® 0.9% Rannels 
and Propst^®). 

Ten of our patients were males, 3 females, giving a ratio essentially 
the same as in our general autopsy material. It is interesting that 
6 patients were of Italian descent. Since, however, we had no informa- 
tion concerning consanguineous marriages or other hereditary factors, 
it is impossible to suggest an explanation. There is no predominance 
of Italians in either our hospital census or our autopsy material. 

Frequency. It is now almost 100 j’ears since Rokitansky^® observed 
that pulmonary tuberculosis and heart disease are incompatible, par- 
ticularly when the latter is associated with cyanosis. He began a con- 
troversy which still continues. Most observers now insist that, since 
the cyanosis of pulmonary stenosis differs in its origin from that of 
acquired valvular lesions, the two diseases are not mutually exclusive 
and, in fact, that pulmonary stenosis actually favors the development 
of tuberculosis. In Abbott’s^ analysis of 1000 cases of congenital 
heart disease, 110 revealed pulmonary stenosis. Of these, 24 (22%) 
are listed as having tuberculosis. Of the remaining 890 cases with 
various types of congenital defect, 50 (5.5%) had tuberculosis. The 
next highest incidence of tuberculosis after pulmonary stenosis occurred 
in the group of 62 cases with interventricular septal defects (14.5%). 
Other authors report an incidence of pulmonary tuberculosis in pul- 
monary stenosis varying from 10% to 80%.®’^^’*®’-* To assist in 
clarifying this question of incidence, we selected at random from the 
literature of the past 10 years, 50 cases of congenital heart disease, in 
which death occurred after 5 years of age and in which necropsy 
records were complete. In this group, 2 of 21 cases (9.5%) with pul- 
monary stenosis and 1 of 18 cases (5.5%) with interventricular septal 
defect succumbed to tuberculosis. 

Our own cases support the view that patients with pulmonary 
stenosis are especiallj^ susceptible to, pulmonary tuberculosis. All 7 of 
those which came to necropsy demonstrated this defect, in 5 of which 
it was associated with the other components of the tetralogy of Fallot. 
Of the 6 cases which were not autopsied, 3 were clinically diagnosed 
pulmonary stenosis. One of these was proved by contrast visualiza- 
tion of the cardiac chambers by the multiple fluorographic and motion 
picture technique and has been reported by Grishman, Steinberg and 
Sussman.^® Of the remaining 3 cases, 1 had a patent ductus arteriosus 
and the others were diagnosed non-cj^anotic congenital heart disease, 
without evidence of pulmonary stenosis. 

Apparently, then, of all congenital cardiac anomalies those patients 
with pulmonary stenosis are most likely to develop pulmonary tuber- 
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culosis. Whether they are more likely to develop phthisis than are 
individuals with normal hearts is impossible to determine without 
additional statistical data. Since, the mortality rate from tuberculosis 
in the general population differs with age, sex, race, locality, and other 
factors, information regarding each of which is not available in the 
reported cases of congenital heart disease, there can be no basis for 
comparison of the two groups. The fact that our cases fall into a 
younger age group than is usual in our autopsy material indicates 
that there may be a measure of predisposition in patients with pul- 
monary stenosis. The youngest patient was 9, the oldest 60. Seven 
cases were from 4 to 20 years of age, a preponderance which is about 
a decade younger than the highest mortality usually reported from 
tuberculosis.® 

Whether patients with this congenital anomaly are more likely to 
die of tuberculosis than any other catastrophe is a little easier to deter- 
mine. In Stolker’s^® series, of those who lived beyond 19 years just 
as many succumbed to a cardiac death as to tuberculosis. In Abbott’s 
group of 110, there were almost twice as many cardiac deaths as there 
were patients listed as having tuberculosis. She has noted^ that the 
incidence of tuberculosis rises as the age group increases, an observa- 
tion, however, which can be noted in any group of individuals. In the 
cases mentioned above which we have culled from the literature, death 
was due in many more instances to other causes, than to phthisis. 

It is obvious, then, that while tuberculosis is a hazard to the patient 
with pulmonary stenosis, it is a no greater menace than his own cardiac 
defect. This fact also explains why the incidence of pulmonary sten- 
osis in a tuberculosis institution is no higher, if as high, as in a general 
hospital. Manj'^ of these patients apparently succumb before they 
have an opportunity to develop tuberculosis or are so incapacitated 
by their cardiac defect that they are protected from infectious contacts. 

Clinical Observations of Cardiac Disease. The symptoms and physical 
examination of the cardiovascular system in our patients were tj^iical of 
the congenital defect found at autopsy examination, the specific defect 
being diagnosed correctly before death in every instance in which 
exact classification was attempted. With the help of Roentgenog- 
raphy and fluoroscopy the diagnoses were unusually accurate. Since 
most of these defects exemplified the tetralogy of Fallot a composite 
picture covers most points of interest. 

Case Study. The patient is a Avhite youngster in his lower ’teens. The 
history reveals cyanosis from birth or shortly thereafter wth the diagnosis of 
congenital heart disease made in infancy or early childhood. The youngster 
has been placed on restricted or moderate actiwty, depending upon his sub- 
jective sjTnptoms. He has been followed in a hospital out-patient department 
and has had at least one previous hospital admission for observation of the 
cardiac defect. There has been no evidence of congestive failure and he has 
led a fairty normal life until the onset of his pulmonary disease. Examination 
reveals an underdeveloped child who appears younger than his chronologic age. 
He is cyanotic and there is moderate to marked clubbing of the fingers and toes. 
Dyspnea is not marked. The heart is enlarged in all dimensions and there is 
a loud, harsh_ systolic murmur heard best at the base, usually associated with 
a sj’’stolic thrill. Abnormal findings in the lungs are dependent upon the pul- 
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monary pathologj’. Routine laboratoiy studies reveal a vell-inarked poly- 
cythemia and sputum is jmsitive for tubercle bacilli. The electrocardiogram 
reveals right axis de^^ation with tall P waves, which are often notched. Roent- 
genography and fluoroscopy demonstrates enlargement of both left and right 
ventricles with frequently a shaiqily convex right border indicating marked 
enlargement of the right ventricle. The pulmonary, conus is usually promi- 
nent. This is contrary to Grier's'- observations, jmobably because his studies 
were made in a younger age grouj) than ours. The venous pressure is within 
nonnal limits. The blood jjressure tends to be normal or slightly decreased. 

Up to this point, tlien, it is obvious tliat tlie pulmonary disease has 
not influenced the classical findings in cases of tetralogy of Fallot. 
The two cases exhibiting other cardiac anomalies, cor hiatriatitm irilocu- 
larc and pulmonary stenosis with patent foramen ovale, likewise do 
not deviate from the typical pattern. It is interesting that the triloeu- 
late heart, as well as tlie case of tetralogy of Fallot that was proved 
by contrast visualization of the cardiac chambers, both demonstrated 
equal saccharine and ether circulation times. This has been suggested 
as a convenient method for determining the jiresence of an arterioven- 
ous shunt (Grishman''’). Unfortunately in only a few of our patients 
was this test performed. In one tetralogy of Fallot, the ether and 
saccharine times were 9 and 15 seconds respectively. In the case of 
patent ductus arteriosus they were 17 and 25 seconds respectively. 

The ^■ital capacity was not obtained in many of our patients, bat 
where this determination was made, it was usually diminished but 
within normal limits. In the case of tetralogy of Fallot reported hy 
Grishman et a/.,*^ these authors found the vital capacity to be 3500 cc. 
This was before the onset of the pulmonary tuberculosis. A few 
months after onset, it had fallen only 300 cc. The lowest vital capacity 
in our series was in a patient with tetralogy of Fallot in which it was 
950 cc. with a Peabody factor of 3, interpreted as 30% of the normal 
re.sting minute ventilation. This determination, however, Avas made 
following reexpansion of a successful therapeutic pneumothorax, in 
Avhich the collapsed lung was fibrotic and in which the contralateral 
lung was the site of a fresh spread. Vital capacities in other patients 
with tlie tetralogy of Fallot were 2500 (Peabody factor, 6), 2700 
(Peabody factor, 7.9) and 2500 (Peabody factor, 5.2). 

Cause of Death. Congestive failure was a prominent feature only m 
the case of patent ductus arteriosus. It was present in 3 other cases 
terminally or during the last few months of life. Bacterial endocarditis 
Avas found in 3 of the cases AAdiich AA^ere examined at postmortem, but 
AA^as neither extensive nor even a contributory cause of death. Tavo of 
these cases had fibrinous pericarditis, 1 of minimal and the other of 
moderate degree. With the exception of 1 case AAdiich succumbed 
from extension of a preAUOusly resected brain tumor, the immediate 
cause of death in all our patients AA'as pi'ogressive pulmonary tubercu- 
losis. In 3 cases aaAio died but did not come to autopsy, the progressive 
pulmonary inAmh^ement AAms likeAAUse the apparent determining factor 
terminally. 

The Pulmonary Aspect. In 4 of the 13 cases the presence of clo.se 
contact of the patient AAuth an open case of pulmonary tuberculosis 
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was established. In 2 otlier cases there had been frequent hospitaliza- 
tions on general wards, which may have been an exposure factor. In 
any event, at least 4 of our patients had a good chance to de^’elop 
tuberculosis irrespective of their cardiac condition. In the literature 
there is ordinarily no notation made of contacts, whether absent 
or present. When such observation is made, it is usually in the 
negative.'* 

The onset of pulmonary disease in our cases was similar to that of 
patients without congenital heart disease. In 3 cases the tuberculosis 
was ushered in with hemoptyses, although in none of these had hem- 
optyses previously been a part of the cardiac picture. In 1 case hemop- 
tyses had been present for several years before and up to the onset 
of tuberculosis and it was impossible to determine the etiology of 
the later bleeding, whether cardiac or pulmonary. In another case, 
hemorrhage had been a prominent feature in the boj^’s earlier life, 
but had ceased several years before the onset of the pulmonary infec- 
tion. Whether or not an hemoptysis was the presenting symptom of 
the tuberculosis, some or all of the usual sj'mptoms of this disease 
were always present. Weight loss, night sweats, easy fatigability, 
fever, productive cough, and chest pain were present in varying degrees 
in each case. The se\'erity of these symptoms was necessarily influ- 
enced by the degree to which they had been present due to the cardiac 
disease. The fatigability was greater than the patients had usually 
experienced. Chest cardiac pain when present previously became 
lancinating in character and was influenced to a greater extent by 
respiration. If a chronic cough were present, it became productive of 
purulent sputum. In no case did the patients notice at the onset of . 
the pulmonary infection an increase in their dyspnea and cyanosis. 

The difficulty of differentiating between congenital heart disease 
and pulmonary tuberculosis and in diagnosing the latter in the pres- 
ence of a cardiac lesion has been stressed in some of the studies of the 
two diseases.'* Such difficult.y was not encountered in our cases, since 
the congenital anomaly was diagnosed in all cases many years prior to 
the onset of the pulmonary infection, which was recognized fairly 
promptly at its onset. This is probably due to the fact that many of 
these patients were followed closely from the cardiac aspect with 
frequent fluoroscopic examinations. In spite of this fact, the pulmo- 
nary disease on admission, in all but 1 case, was a moderately or 
far-advanced one, as is true of most of our admissions. 

The course of the disease was also similar to that obser\-ed in most 
of our patients who are admitted without the added cardiac hazard. 
The duration of life apparently depended, as in all tuberculous patients, 
upon the extent of the disease on admission and the effectiveness of 
collapse therapy, when that form of treatment was utilized. A glance 
at Table 1 will reveal how little the length of life depended upon 
either the age of the patient, the congenital abnormality, or the 
presence of cyanosis. The longest duration (6 years) was in a boy 
of 15 with the tetralogy of Fallot who had marked' cyanosis from birth. 

I he shortest courses (7 months) were in a man of 27 with the tetralogy 



224 


AUERBACH, STBMMERMAN: 


of Fallot and cyanosis since birth and a boy of 21 with a cor hiatriatum 
trtcoculare and cyanosis from the age of 4 ,>'ears. The average duration 
of life from the onset of the pulmonary infection to exitus was 1 to 
2 3’ears. 

Table 1. — Analysis or Cases 


Case 

.Sex 

Arc 

Abnormality 

Cyanosk 

Duration 

ofTb. 

Pneumothorax 

Congestive 

failure 

Outcome 

1 

M 

9 

Tetralogy of 
Fallot 

Marked from 

4 }-rs. 

2>ts, 

0 

0 

Autop.sy 

2 

M 

14 

Tetralog)- of 
Fallot 

Marked from 

1 }T. 

Omos. 

n 

0 

.Autopsy 

3 

M 

21 

Cor biatria- 

Marked from 

7 nios. 

n 

Present 

Autops}- 




tum triloc. 

4 }-r3. 





M 

11 

Tetralogy of 

Marked from 

15 mos. 

0 

0 

-Autopsy 




Fallot 

birth 




5 

M 

LI 

Tetralog}- of 
Fallot 

Marked from 
birth 

dyrs. 

Effective 

0 

Autops}' 

C 

F 

11 

Tetralog}’ of 

Moderate 

16 mos. 

Ineffective 

0 

-Autops}- 


F 


Fallot 



abandoned 


1 

21 

Pul. stenosis 

Terminal 

4 yrs. 

Ineffective; 

Terminal 

Autops}- 




and patent 
for. ovale 



aKandoned 



S 

M 

33 

Pat. ductus 

On exertion 

lyr. 

0 

Present 

Discharged; 




arteriosus 





arrested 

9 

M 

60 

Congenital 

Minimal 

3 JTS. 

0 

Present 

Signed out; 


M 


heart dis. 





improved 

10 

19 

Prob. pul. 

On exertion 

oyts. 

Ineffective; 

0 

Signed out; 


M 


stenosis 



abandoned 


unimproved 

11 

27 

Tetralog}- • 

hfarked from 

7 mos. 

0 

0 

Died; progressive 




of Fallot 

birth 




pulm. Tb. 

12 

hi 

19 

Prob. tctral- 

Marked from 

2}}’rs. 

Ineffective, - 
abandoned 

0 

Died; progressive 




og}- of 

Fallot 

birth 



pulm. Tb. 


13 

F 

16 

Congenital 

On exertion 

8 mos. 

0 

0 

Died; progressive 




heart dis. 





pulm. Tb. 

* Proved by contrast visualization of cardiac chambers (Grisbman el o/.”l. 




The pulmonary tuberculous lesions, as well as the type of onset and 
course of the disease, were similar to those usuall}’’ observed in our 
autopsy material. In every case which came to necropsy, there was a 
typical adult type, chronic pulmonary tuberculosis of tlie lungs witli 
numerous exca^^ations, frequently interlocking, areas of caseous lobular 
pneumonia, and bronchogenic acinous nodose spread to most or all 
lobes. Gastro-intestinal involvement with tuberculous ulcerations, 
which we have usually found in this t^"pe of pulmonary disease, was 
present in 6 of the 7 cases. Laryngeal tuberculosis, which we liaA’e also 
found a frequent though later associate of chronic pulmonary tubercu- 
losis, was present in 2 of tlie 7 cases. 

As the lesions and other factors of the pulmonary infection are tlie 
same, whether or not the patient has congenital heart disease, and as 
the cause of death depends rather on the pulmonary than on the cardiac 
status, it is the lung rather than the heart which should be the focal 
point of therapy. Bed rest may be sufficient treatment for the lung 
and useful to the heart, but when it fails to arrest the progression of the 
tuberculous infection or cannot accomplish cavity closure, it must in 
spite of the heart be supplemented by collapse therapj^ Frequently 
such therapy has been postponed, not because the pulmonary involve- 
ment was unsuitable for collapse, but because the clinician was reluc- 
tant to place an added burden on the defective cardiac system. When 
instituted late in the course of the disease, collapse therapy is neces- 
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plication, is slioj-t. Nevertheless, ineasiires wliicli may be taken to 
prevent tlie jiatient from sneciimliing to tiilierculosis, although thev 
may be hazardous ones, seem justified. Because tliese patients are 
tuberculous is no reason why the.y cannot be gix’en the opportunity to 
emulate Paul White’s-- famous musician who lived with a tetraloav of 
Fallot into his (iOth year. 



Fig. 3. — Case 3. Complete absence of the iiitcrventriculai- septum. Probe A passes 
from the ventricle into the pulmonary arteiy. Probe B passes tlirough the widely patent 
foramen ovale. Probe C passes from the ventricle into the aorta. 


This attitude towards active therapy is reflected in the literature of 
the past 10 years. Ritschefl' in 19.32 reported a case of pulrnonary 
stenosis with marked cyanosis in which he instituted pneumothorax 
and secured cavity closure and arrest of the tuberculous infection. 
He noted no increase in the clinical signs of heart disease after the 
.induction of pneumothorax and concluded that congenital pulmonary 
stenosis was not a contraindication to this form of , therapy. Hille- 
sheim^^ also induced pneumothorax in cases with pulmonary stenosis 
and secured satisfactory results without cardiac complications. We 
have discovered no case in the literature in which thoracoplasty was 
done to control the pulmonary le.sion. 
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In our cases pneumothorax was instituted in 5 cases. In 3 of these 
the pneumothorax was abandoned as ineffective because of adhesions 
which could not be severed by closed pneumonolysis. In 1 case the 
pneumothorax was abandoned because of adhesions and the develop- 



Fiu. 4. —Case 5. Chest roentgeiiograni. Lesion on the liglit controlled h.v jjnciiino- 
thorax. Excavations in the left upper lobe. Heart is boot shaped. Fluoroscopy 
revealed the bulge on the right to be pulsating, apparently ascending aorta. 



Fig. 5.— Case o. Chest roentgenogram 5 years later. Right lung has been expanded 
and postmortem exannnatiou revealed a healed excavation. There has been iirogre^sion 
of the lesion on the left. ferc.sion 
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ment of empyema. In this same case pneumothorax was induced on 
the contralateral side, as a last resort measure, and death occurred too 
soon after induction to accomplish cavity closure. In 1 case pneumo- 
thorax accomplished good results and the lung was reexpanded. 
Postmortem examination revealed a closed cavity on the pneumo- 
thorax side, death resulting from extensive cavernous disease in the 
contralateral lung. In no case did collapse therapy increase the 
cardiac sj^mptoms or lead to congestive heart failure. 

In reviewing the therapy' which our patients received, there are at 
least 2 cases in which treatment was probably inadequate. Both of 
these patients were admitted with essentially unilateral pulmonary 
disease for which pneumothorax was induced, but later abandoned as 
ineffective. In the first case a thoracoplasty was then advised. The 
procedure was not acceptable to the patient, he developed a spread 
in the eontralateral lung and expired 2^ years after the onset of the 
pulmonary’’ infection. In the second case, a thoracoplasty was con- 
sidered, but the operation was never done because the cardiac condition 
Avas thought to be too great a hazard. It is interesting that in this 
case, the cardiac consultant did not object to the major surgery, pro- 
vided no other less drastic methods of treatment Avere aA^ailable. 

In general, the indications for thoracoplasty in our hospital include 
a contralateral lung free of disease or containing a controlled lesion and 
a vital capacity equal to at least 50% of the normal resting minute 
ventilation. We do not feel that in this group Avith congenital heart 
disease that these indications should be altered, unless there is evidence 
of congestive cardiac failure. The immediate postoperative condition 
Avill always depend upon the degree of shock, the paradoxical respira- 
tion, diminution of vital capacity and spread of disease from aspiration 
of infected material. The first tAAm complications can be treated. 
The third need not necessarily be great, since the portion of lung AAdiich 
is collapsed is to a large extent useless as respiratory^ tissue due to 
the disease process. In any case, this selectiAm type of collapse is 
probably more nearly accomplished with a thoracoplasty than a 
pneumothorax, since in the latter, large portions of good pulmonary 
tissue must often be compressed in order effectively to close excavations 
elsewhere in the lung. The danger of contra- or homolateral spreads 
from aspiration of infected material is alAA^ays present and, to a large 
extent, uncontrollable, AA^hether or not a cardiac lesion is present. In 
vicAV of these facts, Ave can recommend that congenital heart disease 
.should not' be considered a contraindication to thoracoplasty and in 
order not to Avaste the fcAV y'ears of life expectancy of these patients 
immediate operation may be more advantageous than a preliminary 
trial of pneumothorax. 

The ncAA'^er mechanisms of caAuty closure, such as jMonaldi and caA^- 
ernostomy, may also be of particular A'^alue to these patients. _ In these 
procedures Avhere the excavation is attacked directly, there is practi- 
cally no diminution in Autal capacity and since the operation is not a 
formidable one, there is no shock. The dangers of spread are also 
minimized since there is a direct drainage of infected material from 
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the cavity. However, these techniques are too new to permit ade- 
quate evaluation and certainly not all types of cavernous disease are 
suitable for these methods of attack. 

The Physiologic Relationship of a Pulmonary and Cardiac Disease. 
Since we do not have sufficient knowledge to determine all the factors 
necessary for the development of tuberculosis in individuals with nor- 
mal cardiovascular systems, speculation concerning how and why it 
develops in patients with congenital heart disease must necessarily be 
nebulous. Factors leading to the greater susceptibility to tuberculosis 
of patients with pulmonai'y stenosis have been variously stated to be 
due to anemia of the pulmonary vascular bed; lowering of resistance 
due to the accumulation of the toxic products of metabolism that 
escape oxygenation; the life expectancy which extends to the age 
group most susceptible to tuberculosis;^ and the unequal pulmonary 
and bronchial circulations.^® 

As, however, there are certain definite metabolic characteristics in the 
hemorespiratory exchange in morbus cagruleus one is forced to the con- 
clusion that, whatever predisposition to tuberculosis exist in these 
cases, it must be based primarily upon those changes. Talbott, 
Coombs, Castleman, Chamberlain, Consolazir and White"® in 1 case, 
and Campbell, Hunt and Poulton® in 3 cases of morbus cjeruleus, found 
consistent metabolic factors. There was an increased O 2 capacity, 
decreased O 2 saturation, decreased carbon dioxide content, decreased 
partial pressure of alveolar carbon dioxide, and decreased arterial pH. 
The acidosis is particularly interesting since it was probably due 
chiefly to the concentration of acids in the blood, acids which are not 
definitely Identified, but which are organic and in all likelihood the 
toxic products of metabolism. 

Although metabolic studies were not as complete in our cases as in 
those mentioned above, those that were done agree with the findings 
of these authors. In 2 cases with the tetralogy of Fallot the arterial 
oxygen was 26 cc. and 23 cc. per 100 cc. of blood respectively. The 
arterial carbon dioxide was 34 cc. and 34.6 cc. per 100 cc. of blood. 
In 1 case of pulmonary stenosis the arterial oxygen was 25 cc. and the 
carbon dioxide was 42. Since these changes are so typical of this 
group of cases, their apparent susceptibility may well be due to this 
variation from the normal. Exactly how this predisposition functions 
and in what respect the altered tissue physiology furnishes suitable 
culture media for the tubercle bacillus is impossible to determine. 

Summary and Conclusions. A study has been made of 13 patients 
who had congenital heart disease and contracted pulmonary tulierculo- 
sis, upon 7 of whom postmortem examinations were performed. The 
most common congenital defect was pulmonary stenosis, which was 
present in all cases which came to autopsy, implying a certain predispo- 
sition of these patients to tuberculosis. 

A composite picture of the typical case, including clinical, physio- 
logic and pathologic studies, has been presented. From this material 
we may conclude that the pulmonary tubereulosis runs a course typical 
of that disease, irrespective of the cardiac lesion. The functioning of 
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tlie (lefecti^■o cardiac sy.stcin is affected iimisually little by tlie super- 
inijiosed respij-at()r>- infection. 

In view of this obsciA-ation, together with the fact that our patients 
succuinbed to the pulmonary involvement rather than failure of the 
defective cardiovascular system, active treatment of the tuberculosis is 
recommended. Pneumothorax induced in o of our patients did not 
lead to congestii-e heart failure in any instance. The importance of 
other surgical forms of collapse therapy for these patients has been 
di.scussed. 
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A CASE OF HISTOPLASMOSIS IN AN INFANT WITH AUTOPSY 

13 V ITaN.S G. SCHLUiMBEItGER, M.T. 
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AND 

Allen C. Service, ]\I.D. 
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At the time of Darling’s^ first description of histoplasmosis (1906), 
he thought that the infectious agent was a protozoan related to^inem- 
bers of the genus Leishmania. In 1934 Dodd and Tompkins- from 
Tennessee announced tlie 6th case on record and supplied DeMonbreun 
with material from which he cultured the organism.® Though appear- 
ing as a yeast form in the human host, on artificial media it grew as a 
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mass of matted mycelial threads with prominent chlamydospores. 
Thus was disproven the protozoan etiology of this disease which e^mn 
today startles the pathologist from the humdrum of routine by its 
resemblance to kala-azar. In 1939 the number of cases recorded had 
risen to 12 and by 1941 had reached a total of 32. At present over 50 
have been reported, ranging widely in geographic distribution, as well 
as in age and sex incidence. 

In a recent report VanPernis, Benson and Plolinger-* summarized 
the various pathologic lesions found in the disease and added a case of 
their own in which the presenting symptoms were produced by inva- 
sion of the larynx. Prominent in all is involvement of the hemolyto- 
poietic system; the lymph nodes, particularly the cervical, tracheo- 
bronchial, mesenteric, and periaortic nodes; the follicles of the lungs 
and gastro-intestinal tract; the spleen; and the bone marrow. In 
these structures the mononuclear and endothelial cells are heavily 
parasitized. The liver is usually enlarged, the parenchymatous as 
well as the Kupft'er cells contain the fungus. Invasion of either or 
both the cortex and medulla of the adrenal glands is not uncommon. 
Less frequent is involvement of the heart, kidneys, thjnnus, pancreas, 
skin, meninges, pharynx, and joints. 

Grossly as well as microscopically the lesions resemble those of 
tuberculosis; a central area of necrosis surrounded by large monocytes 
and lymphocytes. The Langhans giant cells are usually absent. The 
presence of the yeast form of Hwioplasma capsuhimn, usually most 
numerous in the monocytes, is the outstanding distinguishing character- 
istic. The present case conforms well with the “typical” pathologic 
picture as developed during the past decade. The only unusual feature 
is the extreme youth of the patient. 

Case Report. A Ijoy, 7 weeks old, was admitted to the hospital and died 
21 weeks later. Delivery had been normal after 8 months gestation, weight 
at birth being 5 pounds. Though never breast-fed, in growth and appearance 
the child seemed healthy. Admission was advised for treatment of a hydro- 
cele of the right testicle. The family history contributed no relevant data. 

On inspection, the child was a small male weighing 7 lbs. 7 oz., the skin 
pale but not icteric, the superficial abdominal veins very prominent, and the 
abdomen protuberant. He seemed verj'- irritable and cried readily when picked 
up or disturbed. The rectal temperature was 101.4° F., the pulse and respi- 
rations were rapid. The mucous membranes were pale; the nose, throat, 
and ears not abnonnal. The breath sounds were harsh, but no rales and no 
changes to percussion were noted. The heart was apparently normal. The 
liver and spleen were both enlarged; the tip of the spleen could be felt almost 
at the pelvic brim. There was a small umbilical hernia and a right-sided 
hydrocele the size of a walnut. 

Diagnosis: bronchitis and secondary anemia, with associated splenomegaly 
and hepatomegaly of unknown origin. 

The red cell count was 2,400,000, hemoglobin 7.5 gm., platelets 97,000, 
leukocytes 6100 (20% neutrophils, 77% lymphocytes, and 3% monocytes). 
Three noimoblasts were found, as well as moderate anisocytosis and poikilo- 
cytosis. The urine contained a faint trace of albumin and 3 to 8 leukocytes 
per high-power field. The blood Wasseimann test was negative, as were also 
stool cultures for typhoid and dysenteiy organisms. A bone marrow smear 
on the 7th hospital day did not show any abnonnal cells. Roentgen ray of the 
che„st revealed no change in the nonnal appearance of the heart or lungs. 
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The child had increasing difEcultj' in breathing and did not take its fonnula 
well. Regurgitation after feeding was frequent and several times this was 
accompanied by attacks of cyanosis. The temperature was never below 100° F. 
and usually remained about 102° _F.; the pulse and respirations were very 
rapid. After two transfusions of citrated whole blood the hemoglobin rose to 
12 gm., the red cell count to 3,660,000 and the leukocytes to 5800 (40% neu- 
trophils, 60% bunphocytes). The number of platelets reached 175,000. At 
no time did the child show any frank bleeding, but minute petechite were 
observed on the buttocks and chest about 14 daj'^s after admission. On the 
16th day a splenic puncture was perfonned and smears made of the aspirated 
pulp. Histoplasmosis had not been suspected but examination of the smears 
prepared with the usual Wright stain revealed the typical yeast forms of the 
fungus in the monocytes (Fig. 1). On the following day another tibial marrow 
study was made and the same bodies seen in the direct smear. At this time 
also, another splenic puncture was perfonned and the marrow and splenic 
pulp streaked on blood agar jdates from which the organisms were subse- 
quentl}' isolated in pure culture. The child died 18 daj^s after admission and 
2 day.s after the diagnosis of hi.stoplasmo.sis was made, at the age of weeks. 



Fig. 1. — Smear of material obtained by splenic puncture. In the center of the field 
is a monocyte containing two yeast forms of Histoplasma capsulatum. (\\ right stain. 
X 1200.) 

Autopsy (1 hour after death). The body weighed 2500 gm. and showed 
marked evidence of emaciation. The abdomen was distended and large veins 
were visible beneath the skin. Numerous pale petechiaj were scattered over 
the trunk; there was no jaundice, cyanosis, or edema. The spleen was pay- 
able almost to the crest of the ilium, the liver extended 2 cm. below the costal 
margin. Internal examination revealed transparent and glistening pleurse 
with no free fluid in either pleural space. The peritoneum was likewise smooth, 
the stomach and intestine moderately distended with gas. The ^leen was 
visible, occupying much of the left half of the abdomen (Fig. 2). Tlie leaves 
of the diaphragm had their normal position and the urachus, umbilical veins, 
and umbilical artery were occluded. The normal visceral relations were main- 
tained and no gross congenital anomalies were present. The pericardium 
was thin, the sero.sal surfaces shining; the sac contained 0.5 cc. of clear yellow 
fluid. 
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The heart weighed 10 gin., the epicardium was smooth, no petechise were 
present. The myocardium was firm, uniformly red-brown in color. All the 
chambers were slightly dilated and contained a small amount of cruor. No 
congenital anomalies were demonstrable. All 4 valves were apparently nor- 
mal, the papillary muscles well developed, the chords tendinese long and 
slender. Histologically the myocardium was normal. The coronary vessels 
and aorta exhibited no abnoimalities. 



Fig. 2.— The sternum, heart and lungs have been removed, the liver displaced into the 
chest cavity. At the upper end of the incision a group of enlarged lymph nodes can be 
recognized; the spleen, though still attached to its pedicle, has been brought into vien-. 
The white ruler has a length of 8 cm. 

The right lung weighed 13, the left 12 gm. Both organs were pale pink 
and almost emphysematous in consistency. On section, the upper portion of 
the right lotyer lobe contained 4 well-circumscribed, spherical, firm, yellow 
nodules ranging from 3 to 8 mm. in diameter. The parenchyma surrounding 
these nodules was_ essentially normal. No consolidated areas could be demon- 
strated elsewhere in the lungs, nor could pus be expressed from the bronehioles. 
The vessels were free of thrombi. Both grossty and under low magnification 
the nodules resembled those of tuberculous granulation tissue (Fig. 3). There 
was a large central area of necrosis surrounded bj*^ closely packed macrophages 
nearly all of which contained the yeast form of Histoplasma capsnlatvm. In 
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the cytoplasm of tliese cells, as elsewhere in the tissues the funaus whon 
stained with iron hematoxylin appeared as a spheroidal, refractile body 2 to 
d'fineter, containing a dark blue-black granule us lally H in diametei 

^ capsule. Throughout the S 

theie y ere focal collections of parasitized monocytes most often grouped about 
Sa ™ ^ ^"^thelial cells of Z aVOSar 

tPV 4 O \ w 1 some distance from any large vessel 

pleura ’ monocytic infiltration was also present beneath the visceral 



Fig. 3. — A nodule in the lung, illustrating the resemblance of these lesions to a tubercle. 
A central area of necrosis is surrounded by dense masses of monocj'te.s which have 
reached the pleura and spread out beneath it. (Iron heraato.xylin. X 30.) (IT. S. 
Army Medical Museum Neg. No. 74909.) 


The spleen weighed 80 gm., had a smooth surface, and a slate-graj'^ capsule 
free of adhesions. The organ was firm, cut with usual resistance, and had a 
dark purple pulp that did not scrape awaj' readilj^ on the knife edge. Follicles 
and trabeculae Avere indistinct. The mononuclear cells of the Malpighian 
corpuscles as Avell as those of the red pulp contained many of the yeast forms. 
In spite of the Avidespread inAmWement of the organ there Avere no focal areas 
of necrosis. 

Each kidney Aveighed 20 gm., Avas of normal shape, size, and consistency. 
The capsule stripped readily, reA^ealing a smooth pink surface on Avhich the 
normal fetal lobulations Ai'ere distinct. On section the cortex Avas 5 mm. in 
Avidth, the cortico-medullaiy markings distinct. The pehne mucosa of both 
organs AA'as smooth and AA'hite. Microscopically, the kidnej^s Avere apparently 
normal. The mucosa of the ureter and bladder A\'as eA^eryivliere Avhite and 
intact. HoAA'eA'er, histologic e.xamination rcA'ealcd small focal collections of 
monocytes containing the parasite in the submucosa of the urinary bladder. 
Except for a right-sided hydrocele, the genitalia Avere apiraiently nonnal. 
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The serosa of the gastro-intestinal tract was everi^vhere smooth and graj'- 
pink in color. The stomach contained about (5 cc. of partially clotted milk; 
the mucosa was rugose and free of ulceration. Tire mucosa of the small intes- 
tine showed the normal change.s characteri.stic of the different regions, though 
Peyer’s patches in the ileum were more prominprt than usual. No enlarge- 
ment of the solitary follicles of the large intestine was noted, nor Avas there 
blood anywhere in the lumen of the gastro-intestinal tract. The monocytes 
present in the Ijunph follicles of the small and large intestine contained many 
of the yeast forms of the fungus. 



Fig. 4. — A region of the lung some distance from any discrete nodule. The endothe- 
lial cells of the capillaries in the alveolar walls contain many of the parasites. (Iron 
hematoxylin. X SlO.) (U, S. Army Medical Museum Neg. No. 74904.) 


The liver rvas enlarged (weighed 160 gm.). The surface Avas smooth, 
the capsule thin and transparent. On section the parenchyma Avas a mottled 
led-brown in color and blood oozed from the scA'ered A'essels. The cords of 
liver cells Avere separated by a rather loose connectiA^e tissue Avhich Avas also 
increased in the portal areas. The cytoplasm of the liver cells Avas granulai- 
and only a fetv contained the jiarasites; occasional Kupffer cells Avere croAvded 
Avith histoplasma. No areas of pseudotubercle formation Avere present. The 
small tubular gall bladder had a thin Avail, A’elvety mucosa, and smooth 
serosa Dai'k green Auscid bile floAved readily through the ducts and the 
ampulla of Vater. Histologically the gall bladder Avas normal. 

The pancreas was firm, pink-broAvn in color, and distinctly lobulated. . The 
suiioundmg fat A\as free of necrosis or hemorrhage. No yeast forms AA'ere 
found in the parenchyma, though an immediately adjacent l3unjih node Avas 
hear ilj' paiasitized. The adrenals AA’ere relatiA’elj* large, as is nonnal for an 
infant of this age. The corte.K contained seA'eral bright orange granule.s, the 
medulla AA’as firm and graJ^ Microscojiicallj'; the cells of the medulla Avere 
unexpectedly found to contain many histoplasma, though the cells of the cor- 
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tex were free The thymus reached and partly covered the upper portion of 
the pericardial sac; yet, it was of approximately normal size for the age of the 
infant. It was soft, dark red and translucent. The l 3 Tnphocytes were partly 
replaced by monocytes which in some regions formed focal collections the 
centers of which showed early necrosis. The monocytes contained many 
parasites. 

The para-aortic lymph nodes in the region of the arch and those surrounding 
the trachea were matted together in a moderately firm mass. All of these 
nodes were enlarged and on section were rather opaque, orange-yellow in color. 
The lymph nodes of the mesenterj'^ were likewise enlarged, but translucent 
and gray-pink.^ The architecture of the involved nodes was completely 
destroyed.^ Solid masses of heavily parasitized monocytes surrounded necrotic 
areas consisting chiefly of degenerating macrophages (Fig. 5). Though the 
bone marrow of sternum and femur was bright red in color, histologically 
hematopoiesis was depressed. The normal marrow cells were replaced by a 



Fig. 5. — Section of lymph node showing a complete loss of normal architecture. On 
the right the tissue is necrotic, on the left the stroma has been infiltrated by large mono- 
cytes which on close inispection are seen to be heavily parasitized. (Iron hematoxylin. 
X 72.) 

loose areolar coimective tissue in which the blood sinuses were preset ved, 
accounting for the red color on gross examination. Isolated islands of cells 
contained a few megakaryocytes, myelocytes and erythroblasts, but manure 
polymorphonuclear leukocytes and plasma cells predominated. No mitotic 
figures were seen. Occasional monocytes and endothelial cells contained a 
few yeast forms. In blood smears made at this time the large monocytes were 
likewise parasitized, though this had not been demonstrable in the circulating 
blood 2 days before death. j • + 

Punctate hemorrhages were present in the falx cerebrum and m the ten- 
torium. No tears, however, were present in any of the cerebral membranes. 
The gross appearance of the brain was essentially normal, the convolutions 
complex, the sulci deep. Microscopic examination revealed no abnomal 
cellular infiltrations. In sections of the skin collections of monocj^s contain- 
ing the histoplasma were found in the loose fatty areolar tissue beneath the 
corium. 
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Cultural Studies. Material obtained from the spleen and tibial marrow by 
needle biopsy was streaked on blood agar plates and kept at room temperature. 
Growth was very slow but after 3 weeks white cotton-like colonies 2 to 3 mrn. 
in diameter began to appear. ' These were transplanted to Sabouraud’s 
medium where growth was more rapid and the colonies developed their charac- 
teristic faint buff color and slightly crinkled margin (Fig. 6). Microscopically 
they consisted of mycelial threads and prominent spherical chlamydospores. 
One culture, originally streaked on a blood agar slant and sealed with paraffin, 
showed minute white colonies scattered over the surface when examined 
9^ months later. Microscopically, these consisted solely of the yeast form 
similar to that found in the tissues. When inoculated on Sabouraud's agar 



Pio. 6. — Growtli of Histoplasma capsulahtm in the mycelial form on Sabouraud’s culture 

medium. (Natural size.) 


these developed into the typical mycelial colonies. Splenic tissue and bone 
marrow removed at autopsy failed to yield colonies after inoculation on both 
blood agar and Sabouraud's medium. 

Animal Inoculation. When the cultures were 6 weeks old, some of them 
were ground up in sterile saline and injected into the tail veins of 6 mice and 
the peritoneums of 6 rats. Three mice died after a few days and were negative 
on examination. The 3 remaining mice died within 3 and 4 months of inocu- 
lation. All showed a generalized lymph node involvement characterized by 
great enlargement and central necrosis. The histologic picture was similar to 
that found in the human lesion. Outstanding was the enormous size of the 
liver which in each animal almost filled the abdominal ca\dty. The surface 
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was smooth, Imt scattered over it were many minute vellow patches. i\Iicro- 
scopically, the Kupffer cells were found to be almost* solely involved. They 
were greatly enlarged and crowded with 20 to .30 of the yeast forms. The 
blood channels were almost obstructed and the cords of liver cells had under- 
gone pressure atroph}’’ (Fig. 7). The liver cells themselves were rarelv para- 
sitized. 

The spleen was enlarged, the follicles and trabeculae could not be recognized. 
Histologically, the normal architecture had been destroyed by a diffuse dense 
infiltration of monocytes. These cells together with the endothelial cells of 
the sinusoids contained large numbers of Hisloplasma capsidatum. Although 



Fig. 7. — Section of liver from a mouse that died .St months after inoculation. Each 
Kupffer cell contain-s 5 to 30 yeast forms of the fungu.s and are so enlareed that the.v 
almost occlude the blood sinusoids. The cords of liver cells are atrophic. (Iron hema- 
toxylin. X SIO.) (U. S. Arm.v Medical Museum Neg. No. 74905.) 


the kidne 3 's were grosslj' normal, the endothelial cells of the glomerular capil- 
laries were distended bj' the parasites and the flotv of blood mu.st have been 
great!}' impeded. The endothelial cells of the pulmonar}' capillaries were 
likewise heatdiy parasitized. 

After 8 months the rats, which had been inoculated intrapentoneally, were 
quite healthy. They were sacrificed and on gross as well as microscopic exam- 
ination failed to reveal any pathologic changes. 


Discussion. Histoplasmosis is primarily a systemic disease of the 
hunphoid tissue, characterized by the presence of large numbers of the 
yeast form of Ilisfoplawia capsulatum in the monocytes and endothelial 
cells of the lymph nodes and spleen. Careful search will usually reveal 
the parasite in collections of lymphoid tissue in other organs, such as 
the lungs, intestinal tract, and skin. The parenchymal cells of the 
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liver and adrenals are frequently involved, and in the case reports now 
on record nearly every organ has at one time or another been found to 
harbor the fungus. 

. At least 5 cases of this disease occurring in infants or young children 
are recorded, but to our knowledge this is the youngest, death resulting 
at the age of 9| weeks. For the first 2 weeks of life the child remained 
in a large city hospital following which it was at home only a month 
before being brought to another hospital in the same city. It is prob- 
able that the disease was contracted during that month. The infant 
was nei’’er breast-fed, but the source and mode of infection is unknown. 

Sununary. A 7 week old infant was admitted with signs of anemia, 
splenomegaly and hepatomegaly. The diapiosis of histoplasmosis 
followed finding the parasite in material obtained by splenic puncture. 
This was proved by subsequent cultui'e and animal inoculation. 
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THE RELATION OF VITAMIN B TO THE TOXICITY OF PROMIN AS 
TESTED BY THE SELF-SELECTION METHOD 

By George M. Higgins, Ph.D. 

ROCHESTER, MINN. 

(From the Division of Experimental Medicine, Mayo Foundation) 

Promin (sodium p, p'-diaminodiphen;>3sulfone-N, N'-didextrose 
sulfonate) exerted certain rather severe toxic influences when it was 
administered orally to guinea pigs.®-*-® These changes included hyper- 
irritability of the animal, severe paralysis of the hind limbs, consider- 
able anorexia and cyanosis. Toxic influences were exerted on the 
erythrocytes, resulting in their erenation and subsequent reinoi'al 
from the blood stream. As a result, hypochromic anemia, with many 
of the features of true hemolytic anemia, developed. Abnormal dis- 
coloration of the tissues was the result of changes induced in the hemo- 
globin of the erythrocytes, giving rise to methemoglobin and sulf- 
hemoglobin.^® These changes were reversible. Tlie bone marrow, as 
a result of destruction of blood, became hyperplastic and macrocytosis, 
polychromatophilia and reticulocytosis became characteristic features 
in the peripheral blood, e4"en in the presence of high concentration of 
promin in the blood. 

In an attempt to study factors which might well alleviate some of 
the toxic reactions observed therapeutically, the white rat was selected 
as the animal best suited for further experimental work of the sort 
contemplated. The rat reacts to promin in ways quite like those of 
the guinea pig and thus is a most satisfactory test animal. Since 
certain studies had shown that the toxic effects of some of the sulfon- 
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amide compounds were mitigated either by the fractions of vitamin B 
or diet,!® I studied the reactions to promin in growing white rats 
which were fed purified diets, with and without constituents rich in the 
vitamin B complex. In addition, I studied these toxic reactions in 
rats which were permitted to imbibe freely the better known fractions 
of the B complex, provided in suitable water bottles attached to their 
cages. In a series of studies on the self-selection method, Richter and 
his colleagues'®-'’’ described results which indicate the capacities of 
rats to select adequately the foods, minerals and vitamins required. 

This report covers my study of the reactions elicited in vdiite rats 
by the daily oral administration of promin for 21 days, during which 
time they were free to help themselves to such fractions of the B-com- 
plex as were desired. 

Method of Study. Mj^ initial observations Avere made on rate housed in 
small metal cages to Avhich the bottles containing the water-soluble vitamins 
were attached. I first observed that the rats drank largely from the thiamine 
bottle after the oral administration of promin. Although the position, on the 
cage, of the bottle containing the thiamine was changed frequently, I could 
not help but beUeA’’e that chance may have operated in selection of the appro- 
priate bottle containing thiamine. Accordingly, a circular maze cage 8 inches 
(20 cm.) high and 3 feet (91 cm.) in diameter was constJ’iicted of gah'anized 
iron. It consisted of a central space 12 inches (30 cm.) in diameter, suitable 
for the feeding cups, and 3 concentric areas, each 4 inches (10 cm.) wide. 
Rats passed from the central area to the next adjacent concentric area, and 
thence to successive concentric areas, through one of two circular openings 
only slightly larger than the body of the animal. The floor area made of wire 
mesh, 3 to the inch, comprised 7.1 square feet (6600 sq. cm.). Ten rats rverc 
housed in the cage. The rvater-soluble vitamins were provided in amber 
bottles attached to the cage at places inconvenient for the rat to approach. 
In this manner, it would seem that all possibility of chance, in selecting the 
wtamins, was eliminated. The fractions rvhich ivere considered most essential 
were proAuded in places least accessible. • 

Male rats Aveighing from 70 to 85 gm. Avere selected from our breeding colony. 
The purified diet used aa^hs made up as folloAA's: sucrose, 76 parts; vitamin-free 
casein, 18 parts; corn oil, 2 parts; commercial salt mixture,* 4 parts. Cod- 
IRer oil Avas gRen frequentlj"^ during the experiment. Each gram of the diet 
contained 3.94 calories, of Avhich 77.1% AA^ere derived from carbohydrate, 
18.3 % from protein and 4.6 % from fat. .... 

The fractions of Autamin B provided the animals Avere thiamine, riboflaAnu, 
pyridoxine, calcium pantothenate, niacin and choline chloride. These Auta- 
mins AA^ere graciousb^ supplied bj^ Merck & Co., and I Avish to acknoAvledge 
my appreciation of their continued interest in my study. The concentrations 
of these fractions Avere so arranged in the A^arious bottles that each cc. of solu- 
tion contained respectiA^ely 100 /jg. of thiamine, 200 fig. of riboflaAnn, 100 fig. 
of pyridoxine, 200 fig. of calcium pantothenate, 1 mg. of niacin and 10 mg. of 
choline chloride. In addition to these 6 bottles, 2 bottles containing distilled 
Avater were fixed to the cage. The solutions Avere made up CA'erj' 3 dsAA*-'. 
'\'’olumes in cc. consumed from each bottle AA'ere measured daily. Food intake 
Avas deteimined dailj". _ . 

Rats Avere placed in the cage for 1 week before promin therapy aa'us 
tuted. The groAvth of the animals, their food and A’itamin intake Avere recorded 
during this initial period. Beginning on the 1st day of the 2d week and for 
each day thereafter for 3 AA-eeks each rat received 50 mg. of promin by moutii. 
Weights of the animals AA-ere recorded at frequent interA-als and their intakes 
of food and A-itamin Avere recorded daily. ObserA’ations AA'ere made of the 

* Marketed by the Harris Lalwratoric-s, Tukalioe, N. X . 
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appearance and behavior of these animals during the period of administration 
of promin. On the 22d day after the beginning of administration of promin 
the blood of all animals was sampled by cardiac puncture. Determinations 
of the concentration of promin in the blood were made by Dr. Osterberg of 
the Section on Clinical Biochemistry. The morphologic studies on the blood 
included the total number of erythrocytes and leukocytes per c.mm., the 
volumes of erythrocytes in cubic microns, the grams of hemoglobin per 100 cc. 
of blood and the percentage of reticulocytes. All animals were killed by 
lightly etherizing and exsanguinating them. 

The data condensed into this report were assembled from 4 groups of animals; 
2 test groups and 2 control groups. In addition to those rats housed in the 
maze cage, 10 rats were subjected to the same experimental restriction and 
given promin in the same way but instead of receiving their vitamins adlibitvm 
they were given by tube daily 1 cc. of a solution containing 100 /xg. of thiamine, 
200 ^g. of riboflavin, 100 ng. of pyridoxine, 200 ^g- of calcium pantothenate, 
1 mg. of niacin and 10 mg. of choline chloride. The blood of this test group 
of animals was sampled at the end of the experiment in like manner to that 
of the other test group of animals partaking freely of the Autamins in the .maze 
cage. Each group of test animals was controlled. 

Results. 1. General Appearance and Activity of the Animals.— Am- 
ixials fed this purified higli carbohydrate diet and gi\fen daily by tube 
the fractions of vitamin B, as indicated, grew satisfactorily, manifested 
normal hair patterns and did not show any signs of irritability. In 
the case of animals fed in a similar manner, but given 50 mg. of promin 
by mouth, definite irritability developed within 24 hours. They 
became excited and nervous and often jumped from their cages when 
the door was opened. A number of them chewed their own tails or 
paws. In a few days hair began to drop off. Some animals presented 
extreme degrees of alopecia. Severe cyanosis developed. Their food 
intake was appreciably reduced from 8 to 10 gm. per day to 3 to 5 gm. 
per day. Their water intake was greatly increased from 12 to 15 cc. 
per day to 30 to 35 cc. per day. On continued administration of the 
drug to the animals, tolerance for it appeared to develop. The food 
intake gradually increased and the nervousness subsided but the 
exte^si^"e alopecia was not relieved. 

Animals which were housed in the maze cage and given the same 
diet and allowed to partake freely of the ^dtamins grew well and were 
indistinguishable in appearance from those controls given the vitamins 
by tube. When promin was given to these animals partaking freely 
of the vitamins there were no signs of irritability, alopecia did not 
develop and cyanosis was far less severe than in animals which received 
the daily allowance of vitamins by tube. 

2. Body^ Weight. All animals grew satisfactorily during the initial 
1 week trial period before promin was given. The manner of giving 
the vitamins, by stomach tube as in one group or freely in available 
bottles as in the other group, did not have any apparent effect on 
growth during this 1st week. Gains of 18 to 22 gm. per week were 
recorded (Fig. 1). However, when promin (50 mg. daily by mouth) 
was given, loss of weight occurred in those animals given the daily 
constant amounts of the vitamins. On the other hand, those free to 
select their own, greatly increased their intake of vitamins and did not 
sustain any loss of body weight. Their growth curve was parallel to, 
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although not equal to, that of the controls which did not recei\-e 
prornin (Fig. 1). At the end of the experiment (3 weeks of daily 
administration of prornin) the controls had gained an average of 



Fig. 1. — Growth of groups of rats fed a purified high carboh.vdrate diet, witli free 
access to vitamins in the maze or given constant amounts daily by stomach tube. 50 mg. 
of prornin given daib’. 



Fig. 2. — Growtli of groups of rats fed a purified higli carlwliydrate diet. Usual vita- 
min supplements were given to all aniniais by tube. Growths of femalc.s .and maic.s 
when prornin was given by mouth, and of males when prornin was given intraperitoncally, 
are shown. 


85 gm., those gicen prornin and the vitamins by stomach tube had 
gained an average of 41 gm. and those given prornin with free selection 
of their vitamins had gained an average of 59 gm. 
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Female rats, of the same age and weight as males, tolerated the drug 
less satisfactorily than males and gained but 5 gm. during the 3-week 
period of administration of promin (Fig. 2). In inarked contrast to 
the toxic eft'ects that oral administration of pomin had on growth, 
I observed that the intraperitoneal administration of the same amounts 
of the drug for comparable periods had but slight effect on weight 
(Fig. 2) or appearance of the animal. The characteristic somatic reac- 
tions described in an earlier section did not occur in animals given 
the same amounts of the drug parenterally. It would seem that some 
of the toxic changes induced by the drug bear some relation to chemical 
changes which occurred in the gastro-intestinal tract. 
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Fig. 3. — Average daily intake in cc. per rat per day of vitamins freely available in 
bottles attached to the maze. Average intakes per day for 1 week before promin was 
given, and for 3 weeks of daily administration of promin are shown. Tlie lower lines 
represent the weights of the rats to wliich vitamins were freely available in the maze and 
of those to which constant amounts of vitamins were given. 


3. The Vifamin Conmmpiion per Rat per Day. The intakes per rat 
per day of the various vitamins during the week before promin was 
given, and during the 3 weeks of administration of promin, are shown 
graphically in Figure 3. These intakes were recorded in cc. Conver- 
sion to micrograms is accomplished readily. Although amounts taken 
were determined daily, only tlie average daily consumption for each 
week was plotted. The initial reaction of the animal to promin was to 
drink larger portions from the bottles containing certain of the vita- 
mins. On some days, an average of G to 7 cc. of solutions containing 
these fractions was taken by each rat. Portions taken from water 
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bottles, placed convenientlj' near the food cups, were reduced greath^ 
after administration of promin was started. The amounts of the vita- 
min preparations taken ^'aried daily. Some days the thiamine intake 
exceeded that of either riboflaAon or pyridoxine. On other days the 
reverse was true. In any event, either the larger amounts freely 
taken or the proportions taken by these rats were apparently sufficient 
to modify the effects of the drug so as to mitigate considerably the toxic 
changes obser\-ed in the rats given the usual daily allowance of these 
vitamins together with the same amount of promin. 

Table 1.— Summary of Blood Data 

Blood 


Group 

B- 

vitamins 

Amount of 
promin 


Efydbrocytes 

(millions 
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Hemoglobin 
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(%of 
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.Animals 

per c.inm.) 

c.micra 

blood) 

erj’throcytes) of blood) 
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B}' tube 

0 

10 
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0 
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0 
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10 

3.63*0.3 
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50 mg. 
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20 

5. 6.5*0. 1 
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1I.A*0.3 

25.0*1.7 
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4. Changes of Some of the Consiihtenis of the Blood. The data 
assembled from a stud\' of the blood of the 2 control groups and the 
2 test groups of rats are condensed into Table 1. When rats were fed 
the purified diet and given the usual allowance of vitamins by tube 
(control Group I), a blood picture developed that was comparable to 
that of rats of similar age and strain which had been maintained on our 
standard rat ration. ^Wien rats were allowed free access to the vita- 
mins housed in the maze and were fed the same purified diet (control 
Group II), a blood picture developed which resembled that of control 
Group I. 

^^^en rats were allowed the restricted amount of vitamins (test 


Group I) and given 50 mg. of the drug daily, pronounced changes 
developed in the blood. Marked crenation of the erythrocxTes, such 
as was observed to occur in the er^hroeytes of guinea pigs given 
promin, was seen in coverslip preparations of fresh blood from these 
rats. The blood was very dark. The total er;\'throcyte count, per 
c.mm. of blood, ranged from 3,250,000 to 4,800,000. These levels 
were in marked contrast to the average tabulation of 8,020,000 cells 
recorded for the control group. Erythrocyte volumes ranged from 
87.5 to 126.1 c.micra. Hemoglobin values, in grams per 100 cc. of 
blood, ranged from 7.6 to 12.4; and the reticulocytes, in percentage of 
the total number of er\'throcytes, ranged from 47.1 to 72.2. The 
means, together with their probable errors, are set forth in Table 1. 
The anemia was hypochromic and had some of the features of hemolytic 


anemia. 

The blood sampled from the hearts of rats which lived in the maze 
cage and had consumed large amounts of the vitamins during the 
period of administration of promin (test Group II) was considerably 
better than that in test Group I. There was far less destruction of 
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erythrocytes. The blood was dark, but less so than in test Group I. 
Crenated cells in fresh preparations were seen only occasionall 3 ^ The 
total number of erythrocytes per c.mm. of blood Avas 2,000,000 higher 
and the degree of macrocytosis was corresponding!}' less. The per- 
centage of reticulocytes, although high, Avas less than half that encoun- 
tered in the other test group. The hemoglobin Ie\'els, hou^eA'cr, Avere 
not statistically dissimilar. The report on the promine content of the 
blood, recorded in mg. per 100 cc. of blood (Table 1), shoAA'ed that 
animals, giA^en comparable amounts of the drug by mouth, had a 
loAA^ered blood leAml AA'hen they partook freely of the Autamins. 

Comment. These experiments confirm the extensiA^e studies of 
Richter and his colleagues^®""^’ that AA'hen rats are giAmn the opportunity 
for choice, they aauII select such foods, minerals and Autamins, as proA^e 
essential for their groAA'th and physiologic fitness. In this study the 
selection of the Autamins Avas made difficult, in that thej' AA'ere placed 
in positions not easily accessible and remote from food cups; so that 
the animals had to traA'^el considerable distances to secure these essen- 
tial nutrients. 

Of the 6 Autamins proAuded, thiamine, riboflavin and pyridoxine 
Avere selected most abundantly. The daily intakes of niacin and 
choline AA'ere not increased perceptibly during the 21-da}' test period. 
The requirement for pantothenic acid remained unchanged during the 
first 2 Aveeks of the test, but during the 3d Aveek the average daily intake 
of this A'itamin significantly increased. It will be noted that the volume 
of Avater taken from the water bottles, purposel}' placed near the food 
cups, Avas reduced during the 1st week of administration of promin to 
a fifth of that taken during the preceding trial Aveek. It is of course 
obvious that Avater Avas taken Avith all of the Avater-soluble fractions 
but it AA'as an interesting fact that these animals passed the Avater 
container to obtain solutions of the A'itamins. It seems obA'ious that 
some appetite for these fractions prompted the search for them. 

A survey of the data suggests that, by taking added amounts of 
thiamine, riboflaA'in and p}'ridoxine, the rats of test Group II aA'oided 
the immediate loss of AA'eight AA'hich occurred AA'hen the usual amounts 
Avere giA'en. Their groAvth curve Avas not quite equal to that of the 
control group. Further, the extensive patterns of alopecia AA'hich 
characterized prominized rats that receiA-ed constant amounts of frac- 
tions of vitamin B did not develop in rats partaking freely of these 
3 vitamins. The extent of cyanosis, hoAvever, the dark color of tlie 
blood and the enlarged spleens, all characteristic of reactions to promin, 
Avere only slightly improA'ed in the animals taking the increased 
amounts of vitamins. On the other hand, the destruction of blood 
was less. All data assembled from our study of the erythrocytes, 
including crenation, total numbers of erythrocytes, cell volumes' and 
percentages of reticulocytes, indicate that by freel}' taking those A'ita- 
mins the rats attained a significant improvement of the blood picture. 

The apparent thirst or craving for thiamine particularly, indicates 
perhaps that in the presence of promin a deficiency of thiamine deA'el- 
ops. The hyperexcitability and hyperesthesia of these animals, the 
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posterior paralysis obser^•ed in guinea pigs, and the anorexia and 
atexia in rats are symptoms which may suggest such a deficiency. 
The syndrome is somewhat like that described in young foxes wherein 
spastic paralysis and death were observed to follow, within 48 to 
72 hours, the eating of a diet containing uncooked fish. The addition 
of large amounts of thiamine to the diet prevented the disease and it 
Avas concluded that some constituent of raiv fish had the capacitj' to 
inactivate thiamine.®''’^ 

A neutralizing pmver on the bacteriostatic effect of sulfanilamide 
has been attributed to p-aminobenzoic acid.-o-'-^^ This was explained 
as due to some competition in the gastro-intestinal tract for essential 
enzjTn^. I have observed that yeast will afford some protection against 
the toxic action of promin. Since yeast is rich in p-aminobenzoic acid, 
as well as in other vitamins, it may be that some decrease in the synth- 
esis of the essential enzymes maj' occur in prominized animals. 

Changes of the rate of grmvth of rats given sulfaguanidine or succinyl- 
sulfathiazole ivere thought to he due to changes of the production of the 
essential growth factors in the gastro-intestinal tract.*-“’^--‘® Liver 
extract, yeast and p-aminobenzoic acid neutralized the effect of sulfa- 
guanidine. Succinyl-sulfathiazole, Avhich changed prothrombin levels 
as Avell as reduced growth rates, ivas antagonized by liA^er extracts but 
not by p-aminobenzoic acid.-® 

These drugs produced agranulocytosis, leukopenia and aplasia of 
bone marrow. They regularly caused lesions of blood-\'essels and 
voluntary muscles, and often lesions of the heart and liver, to develop. 
The blood dyscrasia was largely prevented by giving whole dried liver 
or certain liver extracts. Furthermore the dermatitis which developed 
when either of these two drugs was given may be prevented or success- 
fully treated with crystalline biotin.^'® "*’^® Studies in this laboratory, 
as yet unreported, show that whole liver or yeast, but not liver extract, 
considerably mitigated the toxic changes induced by promin. 

Summary and Conclusions. A study of the relation of vitamin B to 
the toxicity of promin, as tested by the self-selection method, is 
reported. Young male white rats, given orally 50 mg. of promin daily, 
were allowed to take at Avill such fractions of the B-complex as they 
desired. The e.xperiment was continued for 28 days: 7 days Avithout 
promin and 21 Avith promin. The conclusions reached were as folIoAVs: 

1. When rats were alloAA^ed to take such Autamins as they desired, the 
intakes of thiamine, riboflavin and pjTidoxine AA'ere greatly increased 
after the oral administration of promin. The amounts taken AA'ere 
often increased sixfold OA'er the amounts considered essential for normal 
nutrition. 

2. In the presence of these added A'itamins the .syndrome charac- 
teristic of reactions to promin did not appear. Hyperesthesia, h.vper- 
irritability, anorexia, alopecia and transient loss of AA'eight did not 

develop. i j 

.3. Weight curves parallel to, although not equal to, those plotted 

for control animals Avere described for animals taking larger amounts of 
A'itamins. 
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4. Blood values, including the total number of erythroc;\'tes per c.mm 
of blood, volumes of erythrocytes and percentages of reticulocytes 
were all improved significantly in animals which consumed larger 
amounts of the fractions, over those which received comparable 
amounts of the drug but were allowed smaller amounts of the vitamins. 
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In a previous study of experimentally induced deficienc.i' of the 
B vitamins® in a human subject, an abnormal accumulation'of blood 
pyruvic and blood lactic acid was observed late in the deficiency fol- 
lowing the ingestion of glucose. The concentration of these substances 

* Sponsored by a fund provided by Mrs. Arthur W. Thompson. 
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was reduced after the administration of thiamine. Since then Bueding 
and his associates,^-®’!® employing a more sensitive pyruvate method, 
have shown that in patients with clinical evidence of thiamine deficiency 
a decrease in the rate of removal of pjTuvic acid from the blood occurs 
during the fasting, resting state as well as after the feeding of glucose. 
More recently Williams et have presented evidence of an im- 

paired breakdown of this acid late in the deficiency of some of their 
human subjects. 

As a result of these observations, a tendency to accept an increased 
concentration of blood pyruvic acid as diagnostic of early thiamine 
deficiency has developed. The increase in the p,>Tuvic acid values, 
however, always occurred in late deficiency, and in the cases of Bueding 
and associates was associated with clinical conditions where factors 
other than a vitamin deficiency undoubtedly plaj”^ a role. Before 
changes in blood pyruvic acid can be accepted as diagnostic of a lack 
of thiamine, they should be observed consistently in early experimen- 
tally induced deficienc}^ in which other complicating factors which 
might alter the result, such as variation in physical activity, food 
consumption and other vitamin deficiencies, can be eliminated. 

Accordingly, the present studies were undertaken on 5 women living 
under carefully controlled conditions of diet and environment. The 
number of individuals who could be so studied was necessarily limited 
by the conditions of the experiment. It is our belief, however, that 
results obtained in this way can be accepted with greater confidence 
than observations made on a larger number of persons living under 
less well controlled conditions. 

The importance of determining quantitati^'ely both the lactate and 
the pyruvate was suggested by Stotz and Bessey.'® They found that 
in the thiamine deficient pigeon the ratio of lactate to pyruvate, nor- 
mally constant, was disturbed by an excessively increased concentration 
of pyruvic acid. Their reports suggested that the simultaneous estima- 
tion of both metabolites in the course of a glucose tolerance test might 
disclose small variations in these substances not detectable by analyses 
of one or the other separately. 

Methods of Study. The studies were carried out in a ward of the Thompson 
Vitamin Clinic* under the controlled conditions described in an earlier paper 
in this series^ where the food, the fluid intake and the physical activity of each 
subject were rigidly standardized and maintained constant throughout the 
period of experimental observation. The diet, as described elsewhere,® was 
calculated for each individual so as to contain approximately one-half of the 
theoretical requirement for thiamine, the other B factors being corresponding^' 
reduced. This type of diet was used because deficiencies of the separate mem- 
bers of the B complex are not likely to be encountered spontaneouslj' m the 
human being and because the influence of added quantities of other members 
of the B complex on the utilization of thiamine is not yet well known. The diet 
supplied adequate quantities of all the other known food factors. Each subject 
received the diet in constant dail 3 ’' amounts throughout the total period of 
study. During the initial phase of the experiment the diet was rendered 
adequate in the B intamins bj' a supplement which provided approximate^' 

3 times each individual’s minimal requirement for thiamine, riboflavin, niacm, 

* Formerly functioning in the Philadelphia General Hospital, but now closed. 
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pyridoxine and pantothenic acid.* This was designated as “Diet A.” Fol- 
lowing this first period, the supplement was withdrawn and the subjects sub- 
sisted on the basal diet alone: “Diet B.” Later, thiamine, 35 mg. daily, was 
added to the diet, which was then termed “Diet C.” 

The subjects, women without complicating disease or preexisting deficiency, 
served voluntarily. All of them had been residents in the Vitamin Ward for a 
considerable time prior to beginning the present study and also had served as 
subjects for other studies of deficiency of the B vitamins to be reported else- 
where. 

Three subjects (B. A., C. S. and A. M.) were tested after 3 to 5 days on 
Diet A and again after a short period,- 2 to 9 days, on Diet B. None showed 
any evidence of clinical deficiency at the time of testing. Two subjects (M. B., 
F. S.) were tested after 1 to 7 days on Diet A and again after 48 to 50 days 
respectively on Diet B. At the time of testing on this regimen, both subjects 
showed early clinical evidence of deficiency. Subject F. S. was then tested 
following 13 days on Diet C at which time the clinical symptoms had improved! 

The chemical methods have been presented prerdously by one of us.“-*^ 
Lactic acid analyses were done by the Barker-Summerson modification^ of the 
Miller-Muntz method.^ Blood pyruvate and lactate levels were determined 
with the patients fasting and at rest and also following the oral administration 
of glucose, according to the procedure already described.'^ 

Results and Discussion. In the control experiments (Diet A) all 
subjects showed normal pyruvate levels (Table 1) under basal condi- 
tions and temporary increases following the feeding of glucose. The 
response of pyruvate was similar to that preidously described in normal 
subjects.^ 

T.<ble 1.— Blood Pvruvic Acid, Pasting and Following the Ingestion of Glucose 
ON AN Adequate Dietary Regimen (Diet A) 

Time after ingestion of glucose 



Time on diet 
(days) 

Fasting 

0.5 hr. 

3 hr. 

2 hrs. 

3 hrs. 

Subject 


Mg. pyruvic acid per 100 cc. blood 


F. S. 

1 

0.77 

0.87 

0 98 

0.99 

0.77 

C. S. 

3 

0.59 

0.66 

0 74 

0.83 

0.70 

M. B. 

7 

0.75 

0.70 

1.12 

1.13 

0.84 

Average: 

0.70 

0.83 

0 95 

0.98 

0.77 


Table 2. — Blood Pyruvic Acid, Fasting and Following the Ingestion of Glu- 
cose While Taking a Diet Deficient in the B Vitamins (Diet B) for a Time 
Insufficient to Produce Clinical Manifestations of Deficiency 

Time after ingestion of glucose 



Time on diet 
(days) 

Fasting 

0.5 hr. 

1 hr. 

2 hrs. 

3 hrs. 

Subject 


Mg. pyruvic acid per 1 00 cc. blood 

— V 

B. A. 

2 

0 84 

0.84 

1.17 

1.08 

0.96 

C.S. 

7 

0.95 

1.39 

1.28 

1.17 

0.90 

A. M. 

9 

1.07 

1.10 

1.53 

1.62 

1.03 

Average: 

0.95 

1.13 

1.33 

1.25 

0.98 


When the subjects had consumed the basal diet (Diet B) for a brief 
period, insufficient to produce clinical manifestations of thiamine 
deficiency, some increase in the height of the pyruvic acid curve 
occurred following the ingestion of glucose (Table 2). This was due to 

* Kindly supplied as "Peiitaple.v” by Smith, Kline & Frenclt Laboratories, Phila- 
delphm* 
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the high initial as well as subsequent pyruvate values for both Subjects 
C. S. and A. M. However, the shape of the cur\'e in each instance was 
not abnormal and values returned to the fasting level at the end of 
3 hours. Thus, as would be expected, no change in rate of removal of 
pyruvic acid Avas detectable after 2 to 9 days on the deficient diet. 


Table .3.— Daily Intake of Thiamine (Diet B) and Average Daily Urinary 
TDxcretion’ of 1'hiamine at Time of Test 


SulOfft 

D:ivs on 

Dnilv jjitnko 
of tniuniine 

Avoruf^e thily 
uiinsiry tlnainiin 

Diet 15 


(MR.) 

B. A 

2 

274 

07 

C. S 

. . 7 

202 

01 

A. M 

. . . . 9 

21)2 


M. B 

. ... 4S 

279 

12 

r. S 

50 

214 

11 


After 48 to 50 days on the basal diet (Diet B) definite evidence of 
deficiency was present in subjects M. B. and F. S. Both showed the 
typicah-*® early symptoms of increased irritability and apprehension, 
together ivith gastro-intestinal complaints and shifting pains partic- 
ularly in the loiver extremities, Average dailj' urinary excretion of 
thiamine was commensurate wdth intake (Table 3) and cannot, as 
discussed elsewhere," be regarded as a measure of the degree of de- 
ficiency. In both these subjects, however, a delayed excretion of a 
test dose of thiamine occurred, a response that correlates fairly ivell 
with the onset of clinical deficiency.® In both instances the manifesta- 
tions of deficiency were those Avhich, unless the subjects had been 
under careful supervision and unless it had been known that deficiency 
of the B A'itamins B'as the only -operating factor, might hai'e lieen 
missed. The deficienc}^ therefore, Avas of the “sub-clinical t^-pe” for 
AA’hich a diagnostic test is eagerly sought. The pjTUvic acid A'alues in 
these subjects (Table 4) did not differ in anj' significant AA^ay from the 
normal or from those after a short period on the basal diet. The 
fasting A'alues AA^ere Avithin normal limits, and the shape of the curA'es 
after glucose Avas, likcAA’ise, entirely normal. The 3d hour A'alue in 
subject M. B. Avas slightly eleA-^ated but not to a degree to be regarded 
as significant. Administration of thiamine (35 mg.) for 13 days to 
subject P. S. produced no change in pATuvic acid A^alues although 
clinically she Avas much improved.* 

It is greatly regretted that oAA'ing to the exigencies of the Avar, it Avas 
impossible to prolong the exTieriment further, in order to see at AA^hat 
point in the deA'elopment of deficiency, abnormal A’alues would haA'e first 
become evident. From our OAAm experience® and that of 'Williams and 
his associates,^® howcA-er, it seems fairly certain that such changes 
dcA’elop only AA'hen clinical deficiency is aa’cII established. In aucav of 
these facts it is most unlikely that alterations in blood pyruvic acid, 
either fasting or after the administration of glucose, can serve as a 
diagnostic test for early deficiency. Furthermore, giA’en abnormal 
A’alues for pyruvic acid, great caution should be used in attributing 

* Blood pyruvic acid values ivere; fastinK, 0.7.3; i hour, O.SO; 1 hour, 1.37; 2 hours, 
0.94; .3 hours. O.Sl. 
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such changes to deficiencj- of the B vitamins in the absence of definite 
clinical evidence of deficiency since many other factors®-'^ are known to 
alter blood pyruvic acid concentration. Blood lactic acid values paral- 
led the pyruvic acid, resulting in a constant lactate-pyruvate ratio 
(Table 5). Thus, determination of this ratio added nothing to the 
sensitivity of the test as observed in thiamine deficient pigeons.^® 

Table 4.— Blood Pyhuvic Acid, Fasting and Following the Ingestion of Glu- 
cose While Taking a Diet Deficient in the B Vitasiins (Diet B) for a Time 
Sufficient to Produce Early Symptoms of Deficiency 

Time after ingestion of glucose 



Time on diet 
(daysl 

48 

Fasting 

0.5 hr. 

1 hr. 

2 hrs. 

3 hrs. 

Snbjoiit 

M. B. 

0.87 

Mg. pyruvic acid per 100 cc. blood 
1.04 1.16 1.03 

1.07 

F. S. 

50 

0 91 

0 98 

1.19 

1.33 

0.99 

Average; 

0,89 

1.01 

1.18 

1.18 

1.03 


Tablr 5.— Bt-ood Lactate-Pyruvate Ratio, Fasting and Following the Ingestion 
or Glucose in the Different Experuiental Periods 

Time after ingestion of glucose 


Subject 

Fasting 

0.5 hr. 

1 hr. 

2 hrs. 

3 hrs. 

Diet A; 

F. S 

7 5 

7.7 

9,4 

9 6 

8 0 

c. s 

. 10.2 

10.2 

10.1 

10 0 

9.3 

M. B 

. 9.9 

9.6 

9 0 

9.4 

10.4 

Diet B (2-9 days) : 

B. A 

9.0 

9 5 

9 8 

10.0 

10 6 

C.S 

. 8,0 

9 3 

9 8 

8,6 

8.0 

A.M 

. 8.2 

8.9 

9.6 

9.6 

9,5 

Diet B (48-50 days) : 

M. B 

. 8 4 

9 1 

9.2 

11.1 

10.7 

F. S 

. 7 9 

8.3 

9,4 

9 9 

'8,7 

Diet C: 

F. S 

. 8.8 

9.3 

9.7 

10.7 

9.1 


Summary. Blood pyruvic acid values as well as the blood lactate to 
pjTuvate ratio, fasting and following the administration of glucose, 
did not differ from the normal in 5 subjects living under carefully 
controlled conditions and ingesting a diet deficient only in the B vita- 
mins, even though manifestations of “sub-clinical” deficiencj’ became 
evident in 2 of them. 
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THE ROLE OF NUTRITION IN PREOPERATIVE AND 
POSTOPERATIVE CARE 

A Review 

By Harold A. Zintel, M.D. 

(From the Harrison Department of Surgical Research, Scliools of Medicine, 
University of Pennsylvania) 

Although treatises on therapeutics refer many times to increasing the 
nutritional state and general resistance of patients, the true significance 
of this often repeated phrase is probably not realized by many physicians 
and surgeons. No one need impress upon the medical profession the 
importance of nutrition; it is evident in everyday practice. We need to 
know more about methods of reestablishing and maintaining the nutritional 
status of patients. The science of nutrition has progressed rapidly in the 
past 25 years. It has been said that practicing physicians have not kept 
pace with the increased knowledge of nutrition. 

That nutritional deficiencies do decrease resistance to generalized infec- 
tions has been demonstrated bj" E. C. Robertson.^^ She has sIioytti that 
deficiencies of thiamin chloride, the B complex, vitamin D, vitamin C, 
protein or minerals reduce the ability of rats to surviY^e a generalized infec- 
tion. Undoubtedly, further investigation will augment-Lbis list. It is 
apparent that the diets previously regarded as adequate do not offer an 
optimum amount of nutritional elements. This fact is attested by the 
recent encouragement of bakers by The Food and Drug Administration to 
enrich baking products Yvith added vitamins. Campbell and Sherman'" 
have shown by animal experiments that, starting with a diet already con- 
sidered adequate, the feeding of additional food elements will increase the 
rate of grov'tli, will produce a larger adult size Avitb earlier maturiUv, and 
will prolong the period of adult life, 

A fundamental understanding of the problems of nutrition and an appli- 
cation of that knowledge will reduce operative morbidity and mortality. 
Nutritional problems in surgery are numerous. It is nol possible to dis- 

* Now on Active Service in the Armed Forces. 
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c^s m a few pag^ all of these problems. In the following paragraphs 
the items of nutrition which most concern the surgeon are briefly discussed 
m the light of their influence upon surgical patients. Included also are 
limited discussions of the nutritional treatment of some specific surgical 
conditions, 

Protein, Protein is necessary for growth and repair of tissues, for 
formation of secretions, both internal and e.vternal, for the transport of 
fat, and at times for the production of energy. The reserve store of pro- 
tein in the adult body averages 4..5 pounds.*^ In the hydrated state this 
protein may represent as much as 26 pounds, a considerable portion of 
the body weight. If this protein were the only store called upon to 
supply energy during a period of starvation, these 26 pounds of hydrated 
protein could supply the basal caloric requirements of the average adult 
for only 5 days. Most common chronic protein deficiencies are caused 
by (1) inability to ingest food due to pain or vomiting. (2) inability to 
assimilate food due to intrinsic gut changes, (.3) a diet prescribed by" one 
unfamiliar i\-ith the problems of nutrition, and (4) inability to obtain food 
for economic reasons. The body stores of protein are reflected in the 
level of the serum protein. The serum protein is, therefore, our measuring 
stick of the body store of protein. Obviou.sly, in acute hypoproteinemia, 
as caused by bums, hemorrhage, marked intestinal distention, and intes- 
tinal obstruction, the serum protein level is not an accurate inde.x of the 
body reserve of protein. 

H^’poproteinemia causes edema, poor wound healing, retarded bone 
healing, a decreased resistance to generalized infection, a delay in gastro- 
intestinal motility, and it may be the cau.se of failure of function of surgical 
gastro-intestinal stomata. The surgeon should be greatly concerned when 
his patient has a low serum protein level. 

Clinical edema, which represents an increase of at least 10% of weight 
by edema fluid, usually appears when the serum protein level falls below 
5.5 gm. %; however, incipient edema appears as soon as the serum protein 
level falls below 7 gm. %. One should not delay the treatment of hypo- 
proteinemia until clinical edema appears, for, long before this stage of 
edema is reached, the adverse effects of hypoproteinemia and incipient 
edema are at work. 

Thompson, Kavdin and Frank®® were the first to demonstrate that hypo- 
proteinemia caused wound dehiscence. Hartzell and Minfield’® found in 
a study of woimd separation that all of the patients had a deficiency of 
protein or tytamin C or both. The retardation of the healing of fractures 
in the presence of hypoproteinemia was noted by Rhoads.'^^^ hollowing 
the suggestion of Jones and Eaton,® Barden, Ravdin and brazier* first 
showed that hA'poproteineraia could cause a failure of function of an 
otherwise mechanically perfect gastro-enterostomy stoma. ^ Delay in gas- 
tric empDfing and the delay in the stomach-to-cecum time in the presence 
of h^'poproteinemia, and the return of gastro-intestinal motility to normal 
following the restoration of the serum protein to normal levels have been 
reported by ZMecray, Barden and Ravdin-^ and Barden ct aly 

Acute h;^-poproteinemia is overcome by immediate replacements of large 
quantities of blood and plasma. The magnitude of the problem of treat- 
ing chronic hj'poproteinemia becomes apparent when one realizes that 
according to Elman’s calculations*^ 375 gm. of protein are required each 
dav for a period of 10 days in order to elevate a serum protein level from 
b to 7 gm. %. Sachar and Elman^ have found that for every gram of 
protein deposited in the serum 30 gm. are deposited in the body in general. 
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Obviouslj', the easiest and best way of overcoming hypoproteinemia is 
by means of a high protein, high caloric diet. Such a diet might well be 
recommended preoperatively just as soon as a hospital appointment is 
made for an elective operation. Patients who cannot ingest or assimilate 
food must receive protein by some other route. Ravdin has demonstrated 
the effectiveness of feedings by means of a gastric or jejunal tube.'*® Plasma 
has been shown by Whipple®® to be the most efficiently utilized protein in 
the treatment of hypoproteinemia. Protein hydrolysates may be admin- 
istered by gastric or jejunal tube'*® and occasionally by the rectal route. 
Mixtures of amino acids are now being prepared commercially for intra- 
venous use. It is often possible to maintain a normal adult in nitrogen 
balance with these preparations. Although rapid strides are being made 
in the preparation of amino acids, it has not yet been possible to maintain 
chronically ill patients in nitrogen balance.-® 

The Miller-Abbott tube^ has made it possible to restore nutrition prior 
to operation in the presence of partial or complete-intestinal obstruction. 
A modification of the Miller-Abbott tube, the Abbott-Rawson tube,® has 
made it possible to maintain nutrition in the immediate postoperative 
period following operations of the stomach and duodenum. The advantages 
of maintaining nutrition during this period have been emphasized by Rav- 
din, Stengel, Prushankin,®* and Mulholland.®® If an Abbott-Rawson tube 
has not been used it is occasionally necessary to perform a jejunostomy 
in order to restore the nutritional status of certain patients. 

Carbohydrate. Carbohydrate and fat together primarily furnish energy 
to the body. Carbohydrate has a protein-sparing action. During World 
War I large groups of people in Central Europe who received insufficient 
food were found to have anemia and edema secondary to hypoproteinemia. 
Yet it was observed that when an adequate amount of carbohydrate was 
added to their diet the protein deficiency symptoms disappeared entirely. 
When present in amounts in excess of the caloric requirements, carbo- 
hydrate may be stored as fat.®® Carbohydrate is of the utmost importance 
to the surgeon because it is easily prepared and administered by the intra- 
venous route as glucose solution during the periods when a patient is 
unable to take nourishment by mouth. Glucose, when administered 
intravenously, is 95 to 98% utilized according to Winslow.®* 

Fat. Fats yield almost twice as much energy in the form of heat as 
does carbohydrate. Fat alone does not have the same protein-sparing 
action that carbohydrate exhibits, but almost any mixture of fat and 
carbohydrate will spare protein to the same extent as carbohydrate alone. 
Myers and Blumberg,®® Narat,** and others have prepared emulsified fats 
for intravenous use. An excessive store of fat increases operative mor- 
tality. Fatty tissues heal poorly and are prone to develop hematomata, 
serum collections, and infections.®® Fat has indirectly an adverse effect 
upon the liver. A high liver lipid content predisposes to liver injury, as 
has been shown in the experimental animal.*® 

Fluids. Water is an important nutritional item. Man cannot exist 
for long uathout it. Adequate hydration and its relation to surgery was 
recognized many years ago.' Maintenance of the body fluid level," both 
intracellular and extracellular, is of the utmost importance to the surgical 
patient. Recent literature contains many excellent articles on the subject 
of fluid balance.’*'-® Fluid intake should be so adjusted that the urinary 
output is maintained between 1000 and 1500 cc. daily. 

When clinical signs of dehydration are present, Maddock and Coller®® 
have shown that there is dehydration equivalent to at least 6% of the 
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liody weight. A dehydrated patient should receive 6% of the body 
weight in fluid in addition to his normal fluid requirement. In addition 
to its other effects, dehydration also retards wound healing.® 

Sodium Chloride. Along with the understanding of fluid balance we 
have gained a knowledge of the importance of electrolyte balance. \Yatcr 
balance cannot he separated from salt metabolism because the retention 
of water is largely dependent upon the amount of sodium in the body 
tissues. In order to compensate for salt losses of the skin and feces, to 
facilitate acid base adjustments, and to maintain the body fluid volume, 
the daily salt intake should be from 5 to 10 gm.® Any excessive loss of 
electrolyte must be replaced with additional salt and fluid. Alarkcd 
lethargy, dulling of sense, taste, and mentality, muscular twitching, loss 
of elasticity of the skin, acidosis or alkalosis are .signs of hypochloremia. 
Calculated doses of sodium chloride as suggested bj' Power cl al.^ are 
used to overcome chloride deficits. 

Vitamins in Surgery. To produce preoperatively and postoperatively 
a more nearly normal physiologic .state in the .surgical patient, the aci- 
rninistration of vitamins as advocated by Vorh.aus®' is often essential. 
Vitamins are essential for normal physiologic processes in the body. 
A deficiency of vitamins may cause serious physiologic disturbances long 
before the gross pathologic changes characteristic of avitaminoses become 
apparent.^^ The members of the B complex act as enzymes and co- 
enzymes for carbohydrate metabolism in the body and as such they arc 
being constantly destroyed. Sydenstricker^^ has noted that a criti- 
cally ill patient, receiving intravenous glucose as his only caloric intake, 
may develop signs of thiamin chloride deficiency in as short a time as 3 
or 4 days. Similarly a nicotinic acid deficiency may occur with the 
development of glossitis and mental confusion. Symptoms of both thia- 
min and nicotinic acid deficiency disappear with the administration of 
these vitamins according to Sydenstricker.'*’ Frazier and Ravdin'® have 
noted that hyperthyroid patients following the administration of thiamin, 
show greater increase in weight and appetite, and a greater fall in heart 
rate than patients who received no additional vitamins. 

Vitamin A. Vitamin A. itself probably does not materially affect the 
course of surgical patients. That A'itamin A is of \'alue in reducing the 
incidence of respiratory infections and that it is of value in the stimulation 
of the healing of surgical wounds has not been generally accepted.^^ 

Vitamin C, It has been demonstrated by many investigators that 
vitamin C is essential to normal wound healing.’®-^'*'“ Vitamin C is 
necessary for maturation of precoliagen to the collagen of fibrous tbssue. 
From 27 to 44% of apparently normal people have vitamin C plasma levels 
below the lower limit of the normal accepted vitamin C range.®" ''- Patients 
with certain chronic surgical diseases have, on the average, vitamin C 
levels which are well below the lower normal limit of plasma vitamin C 
level.® A definite fall in the plasma vitamin C level following 
operative procedures has been noted by Bartlett rl al.‘ 

Vitamin D. The fat-soluble vitamin I) is important in the body metabo- 
lism of calcium and phosphorus. In its absence more calcium is lost from 
the body than is furnished by the diet. Vitamin D is nece.ssary for nor- 
mal bone growth anti bone repair. 

Vitamin K. Vitamin K is a group of .specific substances a.ssociated with 
the maintenance of a normal blood clotting mechanism. Deficiencies pre- 
dispose to hemorrhage. It is now possible to restore the blood prothrom- 
bin time to normal in the majority of patients within 72 hours. The 
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comparative activities of the more commonly used antihemorrhagic com- 
pounds have been listed by Starr Treatment of resistant cases of 
prothrombin deficiency has been adequately discussed by Rhoads."*® 
Destruction of prothrombin occurs constantly in the body^ and, therefore, 
when the pathologic state which caused the deficiency remains unchanged, 
repeated intravenous injections or oral administration (together with bile 
salts) is necessary until the clinical condition improves. 

Diet in Biliary Tract Diseases. The preoperative preparation of 
patients with liver disease is of the utmost importance, especially in those 
patients with a history of prolonged or intermittent jaundice. The 
danger in biliary tract surgery lies mainly in the fact that operation adds 
further damage to an already impaired liver. 

Opie and AlforcP- in 1914 reported on the beneficial effect of a high 
carbohydrate diet in protecting the liver from chloroform necrosis. For 
a number of years following their report, carbohydrate by mouth and by 
vein was used to treat liver diseases and to protect the liver from further 
damage. More recently Goldschmidt, Vars and Ravdin’® have shown that 
the degree of liver injury is dependent upon the amount of fat present in 
the liver, no correlation being noted between the level of liver glycogen 
and the degree of liver damage. A diet containing 20% of protein, 75% 
of carbohydrate and 5% of fat has proved its superiority over other 
types of commonly used diets in preparing the liver for minimal damage 
by decreasing the amount of liver fat in the experience of Ravdin ct alP 
and Johnson et aJP 

Nutrition in Gastric and Duodenal Surgery, Probably no major 
surgical procedure requires as meticulous and thorough preparation and 
aftercare as do operations of the stomach and duodenum. Factors to be 
considered are (1) fluid requirements, (2) electrolytic requirements, (3) 
caloric intake, (4) vitamin intake, (5) protein intake, and (0) the mechani- 
cal difficulties. All but one of these 6 factors are problems of nutrition. 
Care of these patients has been described, among others, by Ravdin,®" 
R. Graham,*' and Kiefer.®* The advent of the Abbott-Rawson tube® has 
greatly facilitated the postoperative treatment of these patients. Exterior- 
ization of the Abbott-Rawson tube through the abdominal wall, as sug- 
gested by Bisgard,®“ appears to have advantages. Failure of function of 
a newly formed stoma may be due to the edema which accompanies hypo- 
proteinemia, as has been pointed out by Mecray, Barden and Ravdin.®® 
When feedings are begun by mouth, fatty foods are to be avoided, because 
Pendergrass ct al.^ have demonstrated a delay in gastric emptying time 
following ingestion of fat. 
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SENILE CHANGES IN THE CHOROID AND RETINA 
By H. P. Wagener, M.D. 

A REVIEW of the so-called senile degenerations of the choroid and 
retina might be considered to be of no more than academic interest if one 
adopts the rather hopeless attitude suggested in Zentmayer’s" statement: 
“There are of course many other senile changes met with in the eye such 
as the macular degenerations, but their early detection is not^^of grsfit 
importance, as we can do nothing for them.” Crisp® states: Smihtj 
and death begin at birth, or rather in the early stages of embryonic devel- 
opment. The vascular system, which has so obvious a share in the aging 
process, is constantly in course of modification, and each step in such 
modification may logically be considered as a move in the inevitable 
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march from conception toward death.” However, Crisp® recognizes the 
“lack of unanimity in disintegration” in the human organism and states 
that “ the tissues of the eye illustrate beautifully this tendency to unequal 
aging as between different parts of the body” and that “the extent to 
which changes commonly regarded as senile are really due to infection or 
other extraneous influence may often be in doubt.” Along these lines, 
de Schweinitz,'- in 1925, called attention to the favorable influence upon 
the early stages of so-called senile macular retinochoroiditis of the elimina- 
tion of foci of infection, notably in the prostate, bladder and teeth. And 
even Zentmayer" himself stated that “indulgences which in early life are 
Avithout serious or appreciable injury to the body tissues and functions, 
in later life either as a result of cumulative action of the toxic agents or of 
lowered resistance of the tissues, or both, may bring in their train func- 
tional impairment or serious organic change.” More recently experts in 
nutrition and nutritional diseases have called attention to the similaritj- 
or identity between certain lesions of the eye commonly considered to be 
“senile” and those due to chronic long-continued avitaminosis or nutri- 
tional deficiencies existing from birth or even before birth in the mother. 
This attitude to the mode of development or rather prevention of at least 
some of the "senile” changes in the eye is epitomized in the statement of 
Dr. Katherine Bain* that, in order to have Avell-nourished adults in 1961, 
babies must be fed properly noAV. With these ideas in mind, it Avas 
thought that a revicAv of some of the more common so-called senile lesions 
in the retina and choroid and of their histologic background might stimu- 
late their earlier recognition in the chronologically presenile group of 
indiAuduals in Avhom they occur not infrequently and in Avhom perhaps a 
causative background other than age alone might be more readil}"^ dis- 
covered than in the truly aged. 

In the choroid, according to Duke-Elder,^ the essential senile changes 
occur primarily in the blood-vessels and secondarily in the tissues depen- 
dent on the choroid for nourishment, the lamina A'itrea of the choroid, 
the pigment epithelium of the retina, and in the retina itself, especially 
in the macular region. It is rather difficult to determine, at least oph- 
thalmoscopically, the types or instances of choroidal arteriosclerosis AAdiich 
may be said to be dependent on age alone. Histologically, 3 types of 
choroidal arteriosclerosis may be distinguished. Duke-Elder^ states that 
in the senile atherosclerotic type of choroidal arteriosclerosis there is “ a 
deposition of lipoids in the intima associated Avith fibrous tissue prolifera- 
tion and folloAved by hyaline degeneration AA'hich may be extensive, some- 
times with the formation of large atheromatous plaques. In this senile 
change the thickening and hyalinization of the adventitia and media may 
be so marked that it may be difficult to differentiate these structures from 
the hyalinized connective tissue surrounding the vessels; but there is little 
narrowing of the lumen or tendency to obliteration.” HoAvever, he states 
later that the lumen may be restricted or cA'^en obliterated by the hyaliniza- 
tion of the Avails “so that the A^essel takes on the appearance of a Avhite 
opaque tube Avith thick striated walls.” There may be an accompanying 
thickening of the Avails of the veins by connective tissue increase. It is 
possible that the vessels with obliterated lumens belong more strictly to 
the lesions associated Avith hypertensiv^e disease Avhich Duke-Elder'^ refers 
to as the “more arteriosclerotic types” in Avhich “there is connective tis- 
sue proliferation of the media Avith reduplication of the internal elastic 
lamina so that eA^entually extreme narroAving or even obliteration of the 
lumen may folloAA’^. The ultimate result may be complete occlusion of 
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the vessel with advanced hyaline or lipoid degeneration and complete 
degeneration and disorganization of the cells of its walls.” It is prob- 
able that endothelial proliferation plays a role also in the obliteration of 
the lumen of the choroidal arteries in hj^pertensive disease. A third 
histologic type of choroidal arteriosclerosis is described by Cohen* as a 
replacement of the muscular coat of the arteries by fibrous acellular 
tissue ^yith some degeneration of the elastic lamina Imt without actual 
thickening of the walls or narrowing of the lumen. 

From the clinical ophthalmoscopic standpoint it seems possible that 
the hypertensive or “arteriosclerotic” type is. represented by the isolated, 
apparently obliterated or essentially obliterated choroidal arteries asso- 
ciated with “Siegrist’s dots.” The clinical interpretation of the scattered 
patches of choroidal arteriosclerosis seen mainly in elderly individuals but 
not associated with loss of w'sion would l)e much clearer if it was known 
definitely whether the sclerosis was histologically of the arteriosclerotic or 
the atherosclerotic type. Cohen’s findings suggest that the so-called 
primary choroidal sclerosis, the principal symptom of which is loss of vision 
due to secondary degenerative changes in the retina, may have as its 
histologic basis the fibrosis of the media that he describes. However, on 
the basis of the histologic findings it is rather difficult to e.xplain the 
ophthalmoscopic appearance of vascular obliteration to which both Cohen* 
and Duke-Elder^ refer. The principal types of primary choroidal arterio- 
sclerosis which are observed are the diffuse choroidal sclerosis or atrophy 
of the choroid (Morton), the central areolar ehoroidal atrophy, and the 
massive peripapillary choroidal sclerosis which is probably an e.xaggeration 
or extension of the so-called senile halo. It is of interest that all these 
t^\TDes of choroidal sclerosis and atrophy, while they occur most com- 
monly in individuals over GO years of age, are seen occasionally in the 
young, and that there seems to be a certain familial incidence. 

Considerable confusion exists concerning the clinical interpretative value 
of choroidal arteriosclerosis with reference to the presence of arterio- 
sclerosis elsewhere in the body, particularl 3 ' in the brain and in the coronary 
arteries. some authorities, choroidal arteriosclerosis is regarded as a 
constant age change. Thus, Kerschbaumer’- stated that it was present 
in .50 % of people between the j'ears of 40 and 50, in 75 % of those between 
.50 and GO, and in all over GO .years of age. And Friedenwald* concluded 
that arteriosclerosis in the choroid starts usually at the age of 40 and, as 
in the spleen, progresses slow!}' without an.v direct relationship to general 
vascular disease. It is one’s impression, however, that, though this ma\’ 
be true from the histologic standpoint, j'et, from the ophthalmoscopic 
standpoint, more careful differentiation of the tj'pes of visible choroidal 
arteriosclerosis may yield ultimatel.v some information of value with 
regard to the diagnosis of arteriosclerosis in other parts of the vascular 
s\'stem. 

The visibilitj' of changes in the larger vessels of the choroid depends 
to a certain e.xtent upon the amount of pigment present normally in the 
individual choroid and retinal pigment epithelium. Thus, early changes 
are seen most readil.v in lightl.v pigmented eyes. As the sclerosis becomes 
more advanced, however, secondary' changes in the intervascular stroma 
(degeneration), in the choriocapillaris (sclerosis and atroph.v), and in the 
retinal pigment epithelium (degeneration, depigmentation and atroph.\) 
increase the visibilit.v of the larger choroidal vessels even in the normall.\ 
heawlv pigmented eye. These secondar.v degenerative changes in the 
choriocapillaris and in the retinal pigment epithelium give rise to most of 



OPHTHALMOLOGY 


2(U 


the senile degenerations of tlie macular choroid and retina wliich cause 
loss of central vision in the aged. 

The most commonly seen senile change in the choroid is the deposition 
of hyaline masses in the lamina vitrea of the choroid. These yellowish- 
white spots have been variously designated as “drusen,” colloid bodies, 
hyaline bodies, and guttate choroiditis or guttate degeneration. ^\hen 
they are small and scattered they cause 7io disturbance of vision and are 
considered to be of no significance. When tliey become larger, and espe- 
cially when they are massed in the macular region, howe\'er, they may 
cause pressure atrophy of the overlying rods and cones with resultant 
serious impairment of vision. According to Duke-Elder,^ such cases were 
first described by Hutchinson” under the name of “symmetrical central 
choroidoretinal disease occurring in senile persons and later came to be 
known as Tay’s central guttate choroiditis.” Recently attention has been 
called again to the significance of these lesions by Gifford and Cushman,® 
who include Doyne’s honeycomb choroiditis among lesions of this type. 
They prefer the term “ central retinopathy due to hyaline deposits of the 
lamina vitrea.” They believe that at least some of the cases of central 
disk-shaped retinopathy or disciform degeneration of the macula (Kuhnt- 
Junius)”^ develop on the basis of hyaline degeneration of the lamina 
vitrea. These cases ha^•e usually been ascribed to arteriosclerosis of the 
retinal or choroidal vessels. However, according to Gifford and Cush- 
man,® Behr® “found degenerative changes in the lamina vitrea with a 
number of vessels growing through it into the choroid. He expressed 
the belief that the primary cause of the condition was a senile or nutri- 
tional defect in the elastic system of the choriocapillaris and lamina vitrea 
which allowed a transudate to collect beneath the pigment epithelium. 
From this the connective tissue developed by proliferation of pigment 
epithelium and growth of new vessels from the choroid.” As a result of 
their investigations of a case presenting a juvenile form of central disciform 
retinopathy, Gifford and Cushman® obtained evidence in support of the 
location of the primary lesion in the lamina vitrea rather than in the 
vascular system. They stated that “evidently complete defects in the 
membrane may not be necessary for the production of the typical condi- 
tion but only an altered permeability which permits fluid from the chorio- 
capillaris to collect beneath the pigment epithelium. Proliferation of the 
pigment epithelium seems to result from such a transudation. If vessels 
from the choroid do not grow into the resulting mass, hemorrhages may 
be absent from the picture.” In this conception of the origin of the 
lesion, it is probably necessary for the occurrence of hemoi-rhage, that 
complete defects exist in the lamina vitrea to allow the growth of vessels 
from the choriocapillaris into the transudate under the pigment epithelium. 

In their cases, Gifford and Cushman® did not find more mai’ked evi- 
dences of hypertension and generalized arteriosclerosis than the average 
in the age group affected. Nor were there any marked evidences of 
retinal arteriolosclerosis. They favor the conception of a senile or pre- 
senile degeneration of the lamina vitrea belonging to the so-called abio- 
trophies of Treacher Collins. Yudkin®^ suggested that deficiencies or dis- 
turbances of nutrition in early life might be a factor in the subsequent 
development of drusen, but Gifford was inclined to disagree with this 
suggestion. That some factor other than age alone may be involved in 
the production of these hyaline degenerations is suggested, of course, by 
their occurrence not infrequently in young people in whom they “ may be 
due to some obscure general or local metabolic disturbance” (Duke-Elder).' 
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In liis discussion of Gifford and Cushman’s paper, Verhoeff^'’ stated iiis 
belief that the cause of disciform degeneration of tlie macula is hemorrhage 
beneath the pigment epithelium of tlie retina in the senile form and serous 
exudation in the same location in tlie juvenile form. He thinks that senile 
degeneration of the pigment epithelium is the primary change which pre- 
disposes to hemorrhage from the choriocapillaris and that the lamina 
vitrea is only slightly afiected. In the end, this difference of opinion may 
he only a matter of the extent of visible damage to the lamina vitrea in the 
sections examined since hyaline changes in the lamina vitrea are supposed 
to be the product of primary degenerative changes in the pigment epithe- 
lium. The senile type of colloid spots, or drusen, it is generally agreed, 
are due to the deposition of hyaline material in the cuticular layer of the 
lamina vitrea as a result of metabolic disturbances in the pigment epithe- 
lium with e.xcessive secretion of the hyaline substance (Rones).'^ Rones 
thought tliat the “degenerative” tj’pe of drusen was formed by the actual 
transformation of degenerated pigment epithelium cells. However, Ver- 
hoeff’’*’ was inclined to think that all forms of drusen were due to the 
deposition of hyaline material beneath the pigment epithelium. 

Another lesion of the macular retina in old people which is presumed 
to depend on primary damage to the choroidal circulation is the senile 
macular degeneration of Haah which is stated by Duke-Elder^ to be 
“characterized by the presence of degenerative changes, usually punctate 
in nature, occurring bilaterally, limited to the region of the macula, and 
due to sclerosis and obliteration of the choriocapillaris in the central area.” 
The ophthalmoscopic findings are limited in the early stages to a mild 
pigment stippling of the macular retina which appears to be insufficient 
in amount to account for the loss of vision. Later there is evident decolora- 
tion of the fovea due to the sclerosis and atrophy of the underlying chorio- 
capillaris and still later hemorrhages and transudation may occur in the 
retina and choroid so that the ultimate picture may be essentially indis- 
tinguishable from that seen in other forms of choroidal sclerosis and 
atrophy or even in disciform degeneration of the macula. Correspond- 
ingly, the histologic changes in the advanced stages comprise sclerosis and 
hyaline degeneration in the vessels of the choroid, especially of the chorio- 
capillaris, colloid excrescences of the lamina vitrea, exudation under the 
pigment epithelium, atrophy and proliferation of the pigment epithelium, 
and atrophy and disorganization of the deeper layers of the retina Avith 
essential destruction of the rods and cones. 

Retinitis circinata (circinate retinopathy, or circinate degeneration of 
the retina) is another lesion Avhich occurs usually in elderly individuals 
and Avhich is often ascribed to changes in the choroidal circulation. Accord- 
ing to Duke-Elder,’ it Avas described originally by Hutchinson" under the 
title “symmetrical central choroido-retinal disease occurring in senile 
persons” and is characterized by “a girdle of bright AA'hite spots in the 
deeper retinal layers around the central area and the dcA^elopment^ of 
degeneratiA'e changes at the macula.” The characteristic Avhite e.xudation 
observed ophthalmoscopically is represented histologically by sero-albu- 
minous, hyaline or fatty degeneratiA'’e changes in the internuclear and 
internal nuclear layers of the retina. These Avere considered originally 
by Amman to be the residuals of hemorrhagic extraA'asation. But it .seerns 
more probable, as noted by Morax’^ and Seefelder,'® that the exudation is 
essentially similar in nature to that seen in hypertensh^e retinopathy an 
is dependent primarily on impairment of the circulation as the resu o 
arteriosclerosis either in the retina or, as suggested by Seefelder, m le 
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choroid. In Seef elder’s case, there was an associated advanced cystoid 
degeneration of the macular retina with complete disappearance of the 
outer layer and the layer of rods and cones. Senile macular degeneration 
was present also in the other eye of Seefelder’s patient. 

According to Berens,'* 4 clinical types of central senile chorioretinitis 
were described by de Schweinitz.^^ In Type I “the macula may appear 
darker than normal, it may be delicately mottled or white glistening spots 
may be seen.’’ In Type II “ yellowish white spots in the macula are inter- 
spersed with pigment dots and occasionally with hemorrhages.” In 
Type III “a round or slightly oval hole appears in the macula.” In 
Type IV “grayish or greenish heaped exudates, which may resemble 
tumors and hemorrhages, may be present.” It seems probable that 
Types I, II and represent various phases in the progressive development 
of senile macular degeneration (Haab)®“ as described previously. Prob- 
ably Type III belongs more properly in the group of cystoid degenerations 
of the retina. 

It is well known that the senile retina has less luster and gives off feAver 
light reflexes than that of the child and young adult. Duke-Elder' states: 
“ In the aged the retina shows less marked evidences of senility than most 
tissues. As a whole it becomes less transparent owing largely to an increase 
in the neuroglial elements, a process Avhich is associated with a parallel 
tendency to atrophy of the neural elements.” In some instances, “the 
whole thickness of the retina may undergo fibrous transformation and 
cystic degeneration.” This occurs usually in cases in which there is 
sclerosis and atrophy of the choriocapillaris. Quoting again from Duke- 
Elder,^ “ Cystic or cystoid degeneration of the retina is properly a passive 
degeneratiA'e process wherein gaps are formed within the tissue owing to 
the disintegration of its neural elements.” It is difficult to distinguish 
clinically, however, between the cysts Avhich have developed as a primary 
degenerative process and those which are the end-result of vascular, 
edematous, traumatic and inflammatory lesions. Senile degeneration is 
one of the more common causes of the development of cystic spaces in 
the periphery of the retina and is a somewhat less frequent source of the 
formation of macular cysts and holes, according to Rones.^® In the early 
stages, small spaces appear in the outer nuclear layer. Similar spaces then 
become visible in the inner nuclear layer, and for a time these two layers 
are separated by a thin septum. The disappearance of this septum causes 
the retina to appear as two thin sheets Avith delicate membranes stretching 
betAveen them, forming large cystic spaces. On section, these spaces are 
usually found to be empty, though at times an albuminous coagulum is 
seen in them. The membranes stretching betAveen the tAVo limiting mem- 
branes of the retina are the stretched elongated Mueller’s fibers, the true 
retinal layers having atrophied. Holes in the retina are formed by the 
breaking doAAm of the limiting membranes. Duke-Elder’' states that 
“cystic degeneration occurs with great regularity to a Avell-marked degree 
in the normal eyes of old people. It is the rule also in myopic degeneration 
(Hannssen, 1925)®^ in Avhich condition it is not uncommon cA'en in com- 
paratively early life (Ochi, 1927).’^ Iwanoff (1865)““ found no instance 
in 20 globes of children under 8, in 12% of patients betAveen 20 and 40, 
and in 50% of eyes between 50 and 80 years.” 

Cystoid degeneration of the peripheral part of the retina can rarely be 
recognized ophthalmoscopically and its only clinical importance is its 
possible role in the production of detachment of the retina. Cystoid 
degeneration of the macular retina, hoAveA'’er, is of considerable clinical 
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impoi|tance since it eventiiatps always in loss of central vision. Duke- 
Elder' states; “ At first, cystic spaces are formed in the retinal substance 
which may Ije ^•isil3le, particularly with red-free light ivith which a typical 
honeycomb appearance is produced of small flecks in the central area (the 
ve.sicular macular edema of Niiel, IflOS); eventually on rupturing these 
may produce a depression in the central area if they are confined to the 
inner layers of the retina, or a complete macular hole if the whole thickne.ss 
of this tissue is involved (the retinitis atrophican.s of Kuhnt, 1900). A 
hole in the macular retina is recognized ophthalmoscopically as a dark red 
circular punched out appearing spot about :] to disk diameter in size, 
usually directly in the fovea but occasionally slightly eccentrically placed. 
Its edges are usually clean cut but occasionally .slightly ragged residuals of 
the anterior wall of the cyst are .seen. At times the lesion is recognized in 
the stage of a thin walled cy.st before rupture occurs. The dark red color 
of the lesion is due to increased visiliility of the underlying choroid. 
Around a recently developed hole a halo of mildly edematous retina may 
be seen at times. Elat or shallow detachment of the retina surrounding 
the hole may de\'elop in some instances. Probably the majority of macu- 
lar holes are of traumatic origin, re.sulting from contrecoup rupture or from 
concussion or contusion edema of the retina. However, a fair number of 
cases are seen in elderly individuals, in whom they may develop as a 
sequence of simple senile cystoid degeneration of the retina or of the 
atrophy of the retina secondary to sclerosis and atrophy of the chorio- 
capillaris, and occasionally as a complication of chronic edema of the 
retina resulting from circulatory in.sufticiency.” 

According to Rones, the pigment epithelium of the retina is aft'ected 
early by senile changes in the choroidal vessels and the resultant atrophy 
of the choriocapiilaris. There is both degeneration and proliferation of 
the pigment cells and the pigment granules become small and round in 
form and are scattered over the basal membrane causing an irregularity 
and clumping of the pigment ophthalmo.scopically. Associated with this 
there may be “an atrophy of the retinal periphery, with a decrease in the 
nerve fibres, ganglion cells, and inner nuclear layer, together with a dis- 
appearance of the rod and cone elements and a h.^q)ertrophy of connective 
tissue. The pigment epithelium becomes sparser, and pigment granules 
wander into the retina.” This pathologic process undoubted^' e.\'plains 
the pigment migration into the periphery of the retina visible ophthalrno- 
scopically in many elderly individuals, especially in those with cardio- 
vascular disease, which is often suflicient in amount to simulate familial 
pigmentary degeneration of the retina or healed choroidoretinitis. In some 
instances, these changes may be associated with concentric contraction 
of the fiekls of vision. In most cases, however, there is no subjecti^'e 
disturbance of vision. 

The subject of arteriolosclerosis and arteriosclerosis involving the vessels 
of the retina cannot be considered in detail here. Its proper consideration 
would require a separate and individual review. In very brief fashion, 
the view of Rones’^''® may be quoted: “When the arterioles of the body 
(including those in the retina) are involved in the diffuse type of hyaliniza- 
tion of the media, there are found as ocular complications a diversity of 
hemorrhages and exudates, while general bodily resultants are hypertension 

and cardiac and renal impairment Pathologically the changes (of 

arteriosclerosis) occur in the intima of the larger retinal vessels. The 
intima shows an increase in thickness due to a proliferation of connective 
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and elastic tissue, with a deposition of lipoids. This thickening is usually 
of a nodular character, so that small plaques project into the lumen of the 
vessel causing localized constrictions of its calibre. Clinically, this pure 
type of arteriosclerosis is observed in elderly individuals without any 
associated hj-per tension.” This type of arteriosclerosis seems to be rare 
except in the central artery of the retina in the optic nerve or in its primary 
branches on the papilla where it may be the cause of some cases of obstruc- 
tion of the central artery. 

In the words of Rones, "The eye is subject to changes in all of its 

tissues with advancing age It is important to be able to recognize 

these senile variations clinically, so as to distinguish them from pathological 
lesions (sfc). However, this is often a diffieult matter, for numerous 
diseases of the eye are most common in those j'ears when senile changes 
occur, and it is of interest to attempt to relate the aging phenomena to 
the etiology of the disease It must be borne in mind that the rela- 

tionship between tissue age and chronological age is not an exact one. 
Some individuals have advanced senile changes in their tissues at 40 years 

of age, while in others there is singularly little evidence of this at 80 

Nevertheless it will be found that in every individual past the age of 
40 years the ocular tissues will show alterations that fall into the senile 
classification, even though they are only in the beginning stages.” In the 
causation of all these degenerations, the changes in the vaseular system 
seem to be of primary and fundamental importance. 

Many authorities are of the opinion expressed by Behr® that the macular 
degenerations, which are the most serious of the so-called senile lesions of 
the retina and choroid from the standpoint of visual disability, are essen- 
tially abiotrophic, that is to say a more or less inherited or familial wearing 
out of the tissue at a certain but variable age. However, Berens^ calls 
attention to the important role played by changes in circulation and in 
the vascular system, some of which may be prevented, controlled, or at 
least moderated by the prophylactic or early removal of infections, focal 
or otherwise, and the avoidance of overindulgence in alcohol or tobacco, 
especially in advancing years. In Heath’s'® opinion a low fat and carbo- 
hydrate diet is of importance in the control of certain macular degenera- 
tions. Piersol'"* notes that evidence is being accumulated to show that 
diet plays an important part in human longevity and that a well-balanced, 
optimal diet, rich in vitamins during youth and early adult life, is impor- 
tant in preventing or delaying the onset of senile tissue changes. In addi- 
tion to the advisability of proper dietary habits, Berens'* emphasizes the 
importance of hygienic living, adequate rest and sleep, sunshine and 
moderate exercise adjusted to the individual’s capabilities. In conclusion, 
the words of Piersol'^ are well worth quotation: “Heretofore, the physi- 
cian has somewhat lacked interest in disease as it appears in the older 
person, looking on it as irremediable and inevitable. If the medical prob- 
lenas of old age are to be successfully met, he must abandon his defeatist 
attitude and approach the management of such problems in a spirit of 
greater constructiveness and optimism. It will then be possible for him 
to do much to prolong life, relieve suffering and mitigate in no small degree 

the handicaps and infirmities of old age If the physician is to meet 

his obligations to the aged, he must constantly bear in mind the importance 
of controlling those presenile states which if allowed to go unheeded will 
lead to chronic visceral disease, for which little can be done.” 
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Roentgen ray Diffraction Patterns of Striated Muscles (Effects of 
Stimulation, Rigor, Drugs). M. Spiegel-Adolf, E. W. Ashkenaz, Kath- 
ryn McHale, Fellow, A. A. U, W., and G. C. Henny (Departments of 
Colloid Chemistry and Physics, Temple Medical School). Former Roent- 
gen ray diffraction studies of globular proteins were extended to studies 
of parallel fibers of sartorius muscles of Rana j^pians. Our apparatus 
permits the study of living material under various conditions, the exposure 
time being cut down to 6 minutes. A\hile powdered dried muscle shows 
only 2 diffuse rings, identical in their spacings to the usual protein pattern, 
wet and dried muscle fibers indicate orientation in both rings, perpendicu- 
lar to the long axis of the fibers. A comparison between the patterns of 
wet and dried muscles based on statistical computations indicates that 
only a small amount of water is located intramolecularly. The reversi- 
bility of the changes produced by drying is practically complete. Stretch- 
ing of the muscles by weights below the breaking point produces an addi- 
tional well-defined diffraction line, identical with one observed in stretched 
frog tendon and also with a similar line in powdered muscle nuclei. 

Electrical stimulation, caffeine poisoning and mechanical stimulation 
cause disappearance of orientation in the Roentgen ray diffraction pat- 
tern if the muscle is allowed to shorten. Conversely, after electrical 
stimulation, stretching of such a contracted muscle restores the orientation. 
Rigor-inducing procedures (death, heat, chloroform) show definite changes 
of the Roentgen ray diffraction patterns: disappearance of orientation in 
all instances, characteristic sharpening of back-bone reflection, new spacing 
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upon heating anil increased membrane permeability, as in chloroform 
poisoning. Lactic acid produces similar losses in orientation in concen- 
trations over 0.005 N ; hypertonic salt solutions produce ii loss in orienta- 
tion in immersed, cut niuscles, parallel to the knoivn loss in birefringence. 
Such muscles, after washing and drying, show salt rings superimposed 
upon their own diffraction patterns, thus indicating an increased permea- 
bility of the cell membranes. Similar changes can be observed in muscle 
in which the NaCl of Ringer’s solution has been replaced by KCl, showing 
thus its biologic effectiveness. 


Insect Nerve Sheaths and Insecticide Penetration. A. Glenn Rich- 
ards, Jr. (Zoological Laboratory, University of Pennsylvania). Insect 
nerves are non-medullated but are surrounded by a bound lipid sheath 
of submicroscopic thickness. The lipids are quickly released and ex- 
tracted by alcohol but the fiber tract areas can be stained with Sudan after 
formalin fixation. Polarized light studies on living nerves show the 
presence of metatropic sheaths, the entire nerves having the closest bal- 
ance of positive and negative components of any known nerves. Insect 
nerve cords e.\hibit a high degree of photoelasticity, and the increase in 
amplitude of birefringence is a fairly constant reading. Chemicals which 
cause a decay of the axoplasmic birefringence also decrease or destroy the 
elasticity. 

The distribution of the lipid sheaths is positively correlated with the 
penetration of oils and oil-solvents from trachere as shown by selectii'e 
staining from lipid dyes used to mark the material applied. It seems 
likely therefore that these lipid sheaths condition the penetration of such 
materials into the nervous system, at least when the materials are diffusing 
from trachere. 

Extensive studies now being performed show that the various neurotoxic 
insecticides may have different effects on the optical and elastic proper- 
ties. Lipid solvents eliminate the lipid sheaths; some insecticides cause a 
particulate degeneration of the lipids, others attack the axoplasm, and 
others may affect both axoplasm and sheath in different degrees. For 
insect nerves where the proteins and lipids are so closely balanced optical 
analyses are far more sensitive than ordinary histopathologic methods. 


Studies on Bioassay of Penicillin, Lida F. Holmes and John S. Lock- 
wood (Harrison Department of Surgical Research, University of Penn- 
sylvania). Foster and Woodruff (./. Bad., 46, 187, 1943) have described 
a method for assay of penicillin, testing turbidity of a staphylococcus 
culture. A method based on the same principle has been devised in this 
laboratory which requires only a 2 hour period of incubation and which 
will detect concentrations as low as 0.01 unit per cc. The test can be 
adapted to examination of colored fluids containing penicillin by centri- 
fuging down the staphylococci and resuspending them in distilled water 
for reading their turbidity. 

The object of our investigation w'as to find a sensitive, rapid test for 
determination of penicillin levels in serum. However, when we conducted 
turbidimetric tests with serum containing known added amounts of pen- 
icillin, several difficulties were encountered: (1) Natural antibody to the 
staphylococcus causes inhibition of growth in certain dilutions of serum. 
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(2) It was found that scrum interfered with the action of penicillin. Like- 
wise, horse and rabbit serum and human ascitic fluid contain an anti- 
penicillin factor. Dialysates of these fluids are also antagonistic to pen- 
icillin, and the inhibiting substance may be concentrated by lyophilization 
of the dialysates. This unknown anti-penicillin substance resists heating 
at (50° C. for 30 minutes, but is destroyed by boiling for 10 minutes. 
Investigation of its properties is being continued. 


The Use of Horse Brain Thromboplastin for the Quantitative Deter- 
mination of Prothrombin. Lotus A. Kazal and L. Karle Arnow 
(Department of Biochemistry, Medical Research Division, Sharp & 
Dohme, Inc., Glenolden, Pa.). Preparations of horse brain thromboplas- 
tin, prepared essentially according to Quick’s directions for rabbit brain, 
clotted eitrated luiman plasma in 1G.8 to 25.8 seconds, when optimal con- 
centrations of calcium chloride solution and thromboplastin were used in 
the Quick test. The optimal concentration of calcium chloride solution 
was 0.184% for the plasma used by us. Dilutions of the brain suspension 
with an equal volume of water yielded preparations that gave minimal 
clotting times. 

Although rabbit brain thromboplastin is more active than horse brain 
thromboplastin, it appears that the horse brain preparation is suitable for 
the quantitative determination of prothrombin. Wth plasmas of known 
prothrombin contents, determinations usually could be made to within 
9% of the theoretical concentration of prothrombin. The differences in 
prothrombin concentrations found with the two thromboplastins were not 
greater than G %. Except in 1 case, with plasmas of unknown prothrombin 
concentration the difference in the concentrations determined with horse 
and rabbit thromboplastins was not greater than 13%. 

Horse brain thromboplastin has been lyophilized and then stored under 
vacuum at 5° C. for 14 months with little or no loss of potency. 
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The Common Form of Niacin Amide Deficiency Disease; Aniacinamido- 
sis. By William Kaufman, Ph.D., M.D. Pp. 62. Bridgeport, Conn,: 
Yale University Press, 1943. Price, .$3.00. 

Under the name of a specific vitamin deficiency called aniacinamidosis — 
jirobably because niacinamide is the substance used for its therapy— is de- 
scribed a complex of almost innumerable symptoms ranging from neurasthenic 
manifestations to calluses and corns. Nothing that could_ be called valid 
scientific e\idence is to be found in the entire 58 pages, but it is written in a 
soothing, pseudoscientific manner that might easily deceive the uninformed. 


Finger Prints, Palms and Soles. An Introduction to Dermatoglyphics. 
By Harold Cummins, Ph.D., Professor of Microscbpic Anatomy, Tulane 
University, School of Medicine; and Charles Midlo, M.D., Associate 
Professor of Microscopic Anatomy, Tulane University (Formerly Assi.stant 
Professor of Anatomy, Louisiana State University). Pp. 309; 149 illus. 
Philadelphia: The Blakiston Compan 3 % 1943. Price, $4.00. 

The chief purpose of the authors in writing this book was “to fill the want 
of a comprehensive treatise on dermatoglyphics.” They have presented the 
subject imder the following divisions: Part 1, Orientation; Part 2, Method- 
ologj' and Description; and Part 3, Biologj'. Part 1 might have been im- 
proved and its seriousness more appreciated if the brief remarks on current 
popular interest in finger printing and the dactylomancy incident had been 
omitted. Part 2 contains the methods and procedures necessary for myone 
actively working in the field. Much of this part is covered adequately in 
books already existing but its inclusion in this book is useful in interpreting 
portions of Part 3. It is in the last part where the scientific importance of 
the work lies. Here in about one-half the book and in an interesting and 
effective manner the authors have marshaled the available data on the funda- 
mental biologic phases of dermatoglyphics. This publication should find wide 
usefulness among students of biology and workers in identification. R. W. 


A Textbook of Medicine. Edited by Russell L. Cecil, A.B., M.D., 
Sc.D., Professor of Clinical Medicine, Cornell University Medical College, 
etc., Associate Editor for Diseases of the Nervous System; and Foster 
Kennedy, M.D., F.R.S.E., Professor of Clinical, Neurolo^, Cornell Uni- 
versity Medical College, etc. Sixth ed., revised and entirely reset. Pp. 
1566; 195 illus. Philadelphia and London; W. B. Saunders Company, 1943. 
Price, $9.50. 

This already excellent text has been -still further improved by changes in 
the format (such as the 2-column, slightly larger page), and in the text. The 
Preface lists 11 new articles on objects' not covered in previous editions, 
31 new treatises on subjects previously covered, and 2 neiy features — intro- 
ductory chapters to groups of diseases (e. g., Rickettsiie, Pneumococcic Infec- 
tions, Metabolism, the Blood, etc.); and a list'pf- normal values for. the com- 
moner, but constantly growing laboratoiy tests. ‘All this is a direct reflection 
of the efficient industry of the Editor, without which a single volume composed 
iiy so many authors would be almost surely a failure, even with the eminent 
list of authors that this work has gathered together. E. K, 
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Physioloct of the Nervous System. By John F. Fulton, M.A., D.Phil. 
D.Sc. (OxoN.) S.B., M.D., Sterling Professor of Physiology, Yale Uni- 
versity; formerly Fellow of Magdalen College, Oxford. Second ed. Pp. 
614; 112 figs. New York: O.xford University Press, 1943. Price, S9.00. 
This edition of Fulton’s book should enjoj"- great popularity with the medical 
student (because of the clarity with which complicated mechanisms are pre- 
sented), _ with the phj'sician (because of the stress laid upon the practical 
applications of the material presented), and with the physiologist (because of 
the completeness of the text and its 66 page bibliography). It has been 
brought up to date bj’ Dr. Fulton and his collaborators, particularly in the 
chapters dealing with the neurohumoral theorj'^ of nerve excitation and with 
respiration. A more detailed discussion of the effects of oxygen lack and 
cerebral anemia upon the nervous system as a whole would have been useful 
in wartime, with its attendant high altitude flying, dive bombing, and ex- 
sanguinating wounds. . J. C. 


Medical Clinics on Bone Dise.\ses. A Text and Atlas. By I. Snapper, 
M.D., formerly Professor of Medicine, Peiping Union Medical College, 
Peiping, China. Pp. 225; 30 plates. New York: Interscience Publishers, 
Inc., 1943. Price, 310.75. 

Dr. Snapper’s book is a verj' interesting r6sum6 of bone diseases, taking 
up in great detail von Recklinghausen’s disease, Hodgkin’s disease of bone, 
multiple myeloma, lipoid granulomatosis, osteomalacia, and other diseases 
invohdng the skeletal S 3 'stem. The author has had an exceptional opportunity 
in his wide clinical ex-perlence as former Professor of Medicine at the Peiping 
Union Medical College in China. Due to his familiarity with the frequency 
of these bone diseases, both in America and China, he is able to discuss verj' 
interestingly the pathogenesis and the relation of many of these diseases 
regarding their disturbed metabolism, their biochemical problems and the 
diseases of deficiencjL The Reriewer enjoj'ed reading the text of this unusual 
compilation of rather rare bone diseases. The verj' beautiful plates with 
which his book is illustrated are especiall}’’ deserring of mention. The clear- 
ness of detail reproduced both from the Roentgen rays and photomicrographs 
of the cases under discussion are an indication of the huge amount of clinical 
material that must have been at his disposal. P. C. 


The Conquest op Epidemic Disease. A Chapter in the Historj’^ of Ideas. 

Bj'^ Charles Edward Amory Winslow. Pp. 411. Princeton, N. J.: 

Princeton University Press, 1943. Price, S4.50. 

This storj’^ of man’s epic struggle against epidemic disease is more than a 
fascinating saga — it is a study in human evolution. So dramatic and recent 
has been the conquest of the grim horseman of pestilence that the gradual 
growth of concepts through plague-ridden centuries of dreadful experience is 
prone to be forgotten. Public health x’ictories during the last hundred years 
are familiar themes, but Professor Winslow has re-viewed the rtyords of 3000 
3 "ears and under his skilful pen the sIoav emergence of social consciousness of the 
controllable nature of contagious disease takes form— not by propounding but 
compounding the slow-won facts to the strategj’^ of community effort rather 
than indixddual medical care which has brought plagues under control. 

The reconstruction of mental attitudes toward the external cause of con- 
tagious disease— from primitive notions of malignant demons, the wrath of 
God, astrologic influences, naturalistic concepts of Hippocrates, epidemic con- 
stitution of schoolmen and primitive biologic experiments, to the germ theoiy 
of disease, which gave instruments for sanitarj'^ adjustment of our enxdronment 
through processes of ci-sdlization — is a studj'^ in mental evolution. Uncon- 
sciousty, perhaps, one recognizes the headlands of progress, not so much in 
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the scholarly deductions of authorities as in the simple experiments of novices. 
Even the astute comprehension of Fracastorius as to the essential nature of 
contagion could not be assimilated by the intellectual and spiritual leaders of 
the time, and 300 years of evolution were required for the great sanitary 
awakening in the first half of the 19th century, and for the conception of 
contagivm animaiun of Kircher, Redi and Leeuwenhoek to generate a biologic 
theory of disease. The discoveries unleashed by the germ theory constitute 
a glorious chapter in science, and the technical application of these discoveries 
during the present century is one of the great achievements in human welfare. 

The book is thus of general interest and a imist for every student of public 
health and welfare and a should for every intelligent person. It is a tale told 
to quicken the dullest imagination and should adorn the .shelves of the most 
modest library. W- ■ 


Michoscopic Technique in Biology and Medicine. By E. V. Cowdry, 
Professor of Anatomy, Washington University, and Director of Research, 
The Barnard Free Skin and Cancer Hospital. Pp. 206. Baltimore: The 
Williams & Wilkins Company, 1943. Price, S4.00. 

The author presents a new type of book for investigators in the field of 
biolog5" and medicine who are interested in techniques for the preparation and 
micro-examination of tissues, animal parasites, protozoa, bacteria, rickettsise 
and viral elementarj' bodies. 

The text is arranged in alphabetical order with headings containing cross- 
references to other titles appearing in the text. Each heading is discussed, 
not in voluminous detail, but in concise manner giving exact and specific 
information. It is not intended to be an encyclopedia but a ready reference 
text on recognized physical, chemical and biologic means for studying the 
minute structure of Ihdng matter. 

Great emphasis is placed on fixatives, dyes and stains, microdetection of 
enzymes, methods of pH determination, histo-pectroscopy, microincineration 
techniques, microehemical reactions and in vivo examination of tissue. Espe- 
cially important are the references to the literature where more complete 
articles and reviews of the individual subjects may be found as well, as refer- 
ences to good texts on each subject. F. E. 


Doctor in the Making. The Art of Being a Medical Student. B 3 ’' Arthur 
W. Ham, M.B., Associate Professor of Anatomy, in Charge of Histologjq 
Faculty of Medicine, University of Toronto; Honorai-y Secretary’’ of the 
Banting Research Foundation; and M. D. Salter, M.A., Ph.D., Lecturer 
and Research Fellow in the Department of Psychology, Faculty of Medi- 
cine, University of Toronto. Illustrations bj-^ Je.^n McConnell. Pp. 179. 
Philadelphia, London and Montreal; J. B. Lippincott Company, 1943. 
Price, S2.00. 

Two Canadian medical teachers, an anatomist and a psychologist, have 
combined to put before medical students and those considering a medical 
career the motives and medical equipment that promote progress and the 
common enemies that hinder success. We rvish that this review would fall 
into the hands of these two groups; the time required to read and really possess 
its contents could not be better spent othenUse. Study habits, attitudes 
toward medical topics and toward those doing the instructing, general per- 
sonality characteristics and ways of improving them, understanding and 
applying the scientific method, the proper allocation of time — such are the 
topics sim^ply and clearly set down for consideration. 

Especially appealing to the Reviewer is the chapter on the importance of 
pre-medical and pre-clinical subjects — “There is no mysterious course in later 
3 '^ears of medical school that teaches you to become a doctor.” Training for 
practice begins before entering school, and continues throughout life; but it is 
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especially in the earlier courses-and only there for the vast niajority-that 
the basic knowledge and attitudes can be obtained on which the new edifices 
of knowledge can be erected that are required to keep a physician “up to date.” 

How not to study or waste the time spent in evening work, how to assimilate 
lectures, how to organize one’s knowledge, how to understand (as opposed 
to memorizing), and to apjireciatc the meaning of words, these are all matters 
which, to the lierdev'er after a considerable e,vperience in teaching medical 
students, are of prime importance in the student’s self-education, not to men- 
tion the passing of examinations. How to use textbooks and journals and the 
medical library, the importance of tenns and definitions (i.c., semantics) are 
iniases that are particularly lacking in the equipment of most students. 

The chapter. Your Child-Self, realij' a bird’s-eye idew of the practical ps.v- 
chologj^ of the indi\ddual, could be studied with jirofit bv medicos of every 
age and condition. 

In short, this is an excellent aid on “the right road to learning.” Inci- 
dentally, we hope that its wartime paper Avill stand the strain of hea\y usage. 
One could wish that Lippincott’s had an endowment fund that would place 
a copy in the hands of every ])re-medical student, if it were not that things 
so acquired are apt to be correspondingly evaluated. Last but not least, the 
student should be attracted by its brevity. E. K. 


UniNK and Uhinalysis. Bj"- Louis Geiishenfeld, P.D., Ph.M., D.Sc., 
Professor of Bacteriologj' and Hygiene and Director of the Bacteriological 
and Clinical Cliemistrj' Laboratories at the Philadelphia College of Phar- 
macy and Science. Second ed. Pp. 304; 42 figs. Philadelphia: Lea & 
Febiger, 1943. Price, S3.25. 

In this new edition there is a chapter on the history of methods of analysis 
of urine which forms an excellent background to the work that the author 
wislies to present. The physiology of the urinary tract is discussed to promote 
better correlation of the laboratoiy tests to be described. The most modern 
methods of qualitative and quantitative analysis of urine are presented in 
detail. Normal and abnonnal findings of these examinations are discussed. 

In addition to the chemical examinations themselves, there are chapters on 
the bacteriologic and microscopic analj'sis of urine, as well as renal function 
tests. 'The chapter on analysis of urinary calculi presents a method which 
has been generally acceptable, but is actually obsolete in the light of recent 
publications on the subject. 

An appendix gives a descrijition of the apiiaratus and reagents used in 

urinalj'sis. . • i ■ i i 

Here arranged in a single volume is information concerning the urine whicli 
could otherwise be obtained onlj^ bj' covering many texts and papers on tlm 
subject. There is nothing new or astounding about the infonnation presented;, 
however, it seems justifiable to have such a volume for the use of the j^isy 
pharmacist, chemist, bacteriologi.st, technician or phj’sician. L. LiiT. 


Reaction to Injury. Pathologj”^ for Students of Disease Based on the 
Functional and Morphological Responses of Tissues to Injurious Agents. 
By Wiley D. Forbus, M.D., Professor of Pathologj', Duke University and 
Pathologist to the Duke Hospital. Pp. 797; 523 illus. (20 in color). Balti- 
The Williams & Wilkins Company, 1943. Price, S9.00. 


more: 


This fine book is an important contribution to pathologic literature. The 
difficult subject of inflammatory diseases is beautifully organized. A new, 
but most logical, approach to this problem is used. Pathogene^s is empha- 
sized, etiology being delegated to a secondaiy place. This should be of distinct 
advantage to the student, to whom the variety of inflammatory responses 
often seems infinite. 
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The 'book is planned around this basic definition : the essential element in 
disease is the reaction of the cells of the body. This reaction may be of 3 types ; 
(1) by active resistance; (2) by passive submission; (3) by effecting an adapta- 
tion. ' In Part I these are discussed and all types of injurious agents are con- 
sidered-trauma, chemical and physical agents, bacteria,ffungi, protozoa, worms 
and so forth. Part II, thebody of the book, a discussion of the active resistance 
type of reaction, includes detailed descriptions of bacterial infections, rheu- 
matic fever, nephritis, virus diseases, and granulomata, to take a few examples. 
Unfortunately, Parts III and IV, a discussion of the submissive and adaptive 
reactions, are not completed as j'et. A second volume is projected for these. 

The book is magnificent^ printed and illustrated. Nearly 90% of its 
532 figures are original, many in excellent color. 

Many pathologists may object to the strong teleologic flavor of some of the 
terms used. These are often difficult to eliminate without sacrificing emphasis 
and clarity. 

As a special text on inflammatory diseases, this book shovild prove extremely 
valuable to the student of pathology. As the work limits itself to this special 
field, the 2d-year student must naturally use it in conjunction with a standard 
text. With this book, however, Dr. Forbus has made a fresh and valuable 
contribution to the pathologic literature of inflammatory disease. W. S. 


AddenduiM to the Chemistuy of the Amino Acids and Proteins. Edited 
by Carl L. A. Schmidt, M.S., Ph.D., Professor of Biochemistry and Dean 
of the College of Pharmacy, University of California. This is a supplement 
to the Second edition. Pp. 155; figures and tables. Springfield, 111., and 
Baltimore, Md,; Charles C Thomas, 1943. Price, S5.00. 

As the title implies, this book is not a revision of the original volume of 
The, Cheviistry of the Amino Acids and Proteins. Instead it is more in the 
nature of an addition, even to the extent of continuing the reference and page 
numbering from the original. The chapter divisions and order are unchanged 
except in a few cases in which there Avas no revision. For the most jiart the 
authors are also the same. The chapter on nutrition has been revised by 
Dr. H. J. Almquist, instead of Dr. R. W. Jackson, and Dr. C. L. A. Schmidt 
has taken over the Avork of several of the former authors especially those from 
foreign countries. As in the original volume, the A'arious chapters are Avritten 
in a highly technical manner and in many cases data from original articles 
have been included. The book is of particular value to those Avorking in and 
farniliar Avith the field of protein chemistry, but those whose major interests 
lie in other branches of biochemistry Avill also find this book of value. J. J. 


Principles and Practice of Rehabilitation. By John Eisele Daahs, 
M.A., Sc.D., Veterans Administration Facility, Perry Point, Md. Pp. 211; 
various tables and charts. Ncav York: A. S. Barnes & Co., Inc., 1943. 
Price, $3.00. 

This e^erienced rehabilitator tells us that the modern approach to our 
problem is medical, psychologic, psychiatric and vocational. Among other 
mapters are those on Effect of War and Depression; Psychiatric Approach, 
General Consideration; Elemental Principles of Mental, Nervous and Physical 
Reconstruction; Therapeutic Objectives and Results; Handicraft and Art. 
The recreational discussions are among the best given, particularly those of 
Interest and Effort Theories, wherein are reports on dementia praecox, manic 
depressive and^ dernentia paralytica patients. A useful feature is an Appendix 
giving 6 case histories from the New Jersey Rehabilitation Clinic. No mention 
is made of the Rorschach test, Avhich has both diagnostic and prognostic value. 

N. y. 
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Pra’s Surgical, Handicraft. Edited by Hamilton Bailey, F.R.C S (Eng ) 
Surgeon, Royal Northern Hospital, London; Surgeon and Urologist, Essex 
County Council; Surgeon, Italian Hospital; Consulting Surgeon, Clacton 
Hospital and the County Hospital, Chatham; External E.vaminer in Surgery 
University of Bristol. Thirteenth ed. Pp. 536;o34illus. Baltimore: The 
Williams & Wilkins Compaii}', 1942. Price, S6.00. 

This is really a manual of minor surgical techniques. The scope extends 
from laboratory technique, bandaging, and first-aid through anesthesia and 
general surgeiy to minor surgical procedures of otolaiyngologjq ophthalniol- 
OSJ', And dentistry and to the treatment of gonorrhea and ajiihilis. The 
purpose of the book is commendable in that it presents many of the techniques 
that are not included in ordinaiy textbooks and are learned bj' the intern only 
through observing the methods of older members of the profession. 

The scope of material is aiiparently so extensive that it prohibits an adequate 
discussion of many of the indixndual subjects. The sections on fractures, 
although very brief, are excellent. H. Z. 


A Medical Bibliography. A Check-list of Texts Illustrating the Histoiy 
of the Medical Sciences. Originallj' compiled by the late Fielding H. 
Garrison, M.D., and now rexnsed, with additions and annotations bj' 
Leslie T. Morton, Librarian, St. Thomas’s Hospital Medical Schooi. 
Pp. 412. London: Grafton & Co., 1943. Price, £2. 10s net. (About SIO.OO). 
This useful book has an interesting provenance. The underlying idea goes 
back, like so many others, to William Osier, who suggested the compilation of 
such a list to Gairison. This appeared in the Surgeon-General’s Index Cata- 
logue in 1912 (vol. 17, Sec. S, pp. 89-178) and served its compiler “as a con- 
venient scaffolding” for his great History of Medicine, which first appeared 
in 1913. A revised and enlarged list appeared in the Bulletin of the Institute 
of the History of Medicine in 1933, to which 1680 new entries have now been 
added by the English compiler. Thus Canadian, American and English 
scholars have collaborated to our advantage. This edition also contains 
many useful annotations, and— especiall}'- valuable in a work of this sort- 
good author and subject indices. It should be noted that the references are 
to entry numbers and that only the references to original works are given 
in Roman type. 

The value of such a volume on one’s shelves is considerably enhanced to the 
user if he early takes care to develop a sufficient acquaintance with its plan of 
construction to be able easily to identify the item sought. Thus, the simple 
fact that in each section the works are arranged in the chronologic order of 
their appearance at once changes an apparent heterogeneous assemblage into 
a simple and useful orderly list. The list of over 50 “Principal Headings” 
(p. vii) ranges from voluminous subjects such as Anatomy and Physiolog}'’ 
(1072 references) to Epidemiologj'' and Medical Ethics that are represented 
by 10 and 8 references, respectively. It includes rather haphazardly: Opera 
Omnia (80 references) and Historj'^ of Medicine (182 references), various 
specialties, individual diseases, diseases of systems. Medical Biography (28 
references), Bibliography (31 references), Le.xicography (21 references), and 
so on. By way of further illustration, the first reference is to R. F. Harper’s 
book (1904) Hammurabi’s Code, the second to Joachim’s (1890) Ebers Papyrus. 
The Edwin Smith Papyrus— the oldest of medical texts— is appropriately 
found under Surgerj'^ (Ref. 4734), as might be inferred from the “See also” 
reference to Surgeiy beneath the Principal Heading — “Collective Works.” 

To cover such a wide scope in 412 small pages obviously required strict 
discrunination. As Morton observes: “Much has been omitted that might 
have been included; it is hoped that nothing has been included which ought 
to have been omitted.” Students of and writers on Medical Historj' can 
hardly afford to be without this volume, which in Hew of the nature of the 
text will not be regarded as high priced. E. K. 
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The Dysenteric Disorders. The Diagnosis and Treatment of Dysentery, 
Sprue, Colitis and Other Diarrhoeas in General Practice. By Sir Pniur 
Manson-Bahr, C.M.G., D.S.O., M.D., P.R.C.P., Senior Physician to the 
Hospital for Tropical Diseases, Royal Albert Dock and Tilbury Hospitals; 
Consulting Physician in Tropical Diseases to the Dreadnought Seamen's 
Hospital, London; Director, Division of Clinical Tropical Medicine, London 
School of Hygiene and Tropical Medicine; Consulting Physician to the 
Colonial Office and Crovm Agents for the Colonies; Consultant in Tropical 
Medicine to the Admiralty and to the Royal Air Porce; Lumleian Lecturer, 
Royal College of Physicians, 1941. Appendix by W. John Mhggleton, 
M.S.M., F.I.M.L.T., Technical Assistant. Second Ed. Pp. 629; 108 illus. 
(some in color). Baltimore: Williams & Wilkins Company, 1943. Price, 
SIO.OO. 

Since December 7, 1941, there has been a general awareness in the medical 
profession that the so-called tropical diseases are of a great deal more signifi- 
cance than was formerly believed. In spite of the warnings of the medical 
corps of the Army and Navy, and in spite of outbreaks of dysentery, such as 
the one in Chicago in 1933, up to that time only an academic interest was 
taken in the subject by most of the medical men in the country, with the 
exception of those in the far South. 

The second edition of this book will be received by a very much larger 
number of readers in the United States than was the first edition in 1939. The 
second edition is substantially the same as the first, but additions have been 
made by the inclusion of newer methods of treatment, such as the use of sulfa- 
guanidine in bacillary dysentery. 

The simplicity and lucidity of the writing make the mass of information this 
book contains easily available to everyone. The illustrations are excellent. 

We recommend this book to all those interested in the subject, as well as to 
all those who should be interested in it. E. R. 


Pain. XXIII of the Association for Research in Nervous and Mental Disease. 
Editorial Board: Harold G. Wolff, Chairman; Herbert S. Gasser, 
M.D., and Joseph C. Hinsey, Ph.D. Pp. 468; 166 illus.; 19 tables. Balti- 
more; Williams & Wilkins Company, 1943. Price, 87.50. 

This volume is the product of 37 collaborators, who discuss 32 different 
topics. Some of these are: the pain threshold in man; central representation 
of pain; insensitivity to pain in man; the genesis of pain from the joints; pain 
from the bladder, ureter and kidney pelvis; pain from the pleura and peri- 
cardium; pain from the bronchi and lungs; pain from the digestive tract; pain 
of peptic ulcer; cardiac pain; effect of extracardiac pain on the heart; manage- 
ment of intractable pain by posterior rhizotomy; management of intractable 
pain by chordotomy; experimental studies in pain from the nasal and para- 
nasal structures; surgical methods for relief of pain in the head and neck: 
headache mechanisms. 

On page 242, where “scalp and neck muscles and pain” are discussed, the 
condition which is given several names but which would most appropriately 
be designated myalgio headache, is given scant and unsatisfactory considera- 
tion. As a general disorder it has been termed “an everyday affection,” of 
which some of the local expressions are headache, stiff neck and lumbago. 
Its manifestations are particularly apt to appear in tendinous structures, 
refrigeration is often a factor in their production, and the literature on the 
subject is abundant. For the general condition, Gowers coined the term, 
‘ fibrositis.” ^ The^ disorder is best known to the Scandinavians, and anyone 
properly trained in the Swedish system of massage, can demonstrate the 
presence of these indurated muscle areas, by pressure over them with lubri- 
cated fingers and by passive stretching of the involved muscles, when sharp 
pam will be experienced. The Swedes not only find these “sore spots,” but 
they have a skillful method of removing them, to the surprise and comfort of 
their patients. 
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In tiie discussion tliat followed each presentation of this Syinposiuni of the 
Association, there was active participation. The Chairman of the Board must 
have experienced a sense of gi-atification, since it had been his hope that there 
would be a sustained effort for a better understanding of perception, leading 
to better management of pain as a simple sensory experience; and with addi- 
tional knowledge of the autonomic, emotional and attitudinal reactions in 
persons of different cultural and individual experiences, the sounder .should 
be our care of the ill. N. Y. 


Introduction to Physiologic.\u and Pathological Chemistry. By L. 
Earle Arnow, Ph.G., B.S., Ph-D., M.B., M.D,, Director of Biochemical 
Research, Medical Research Division, Sharp & Dohme, Inc., Glenolden, Pa.; 
Professor of Chemistry, Biyn Mawr College Summer School of Nursing, 
1941-43. Introduction by Katharine J. Densford, B.A., M.A., R.N., 
Director of the School of Nursing and Professor of Nursing, University of 
Minnesota. Second Ed. Pp. 574; 142 figs.; 31 tables. St. Louis: C. V. 
Mosby Company, 1943. Price, S3.75. 

This volume was written originally for use by students in nursing. Its 
content follows closely the outline .suggested by the National League of Nurs- 
ing Education (1937). Part I is a general introduction to inorganic and 
organic chemistiy, given in sufficient detail to aid in understanding material 
presented later. Part II gives a discussion of physiologic and pathologic 
chemistiy, including chapters on honnones, vitamins and nutrition. Part III 
is devoted to selected laboratoiy exercises covering most of the usual procedures 
along with tests for certain hormones and vitamins. Approximatelj’^ 30 pages 
in the Appendix describe home methods for stain removal from fabrics. 

Numerous descriptive diagrams and pictures of the physical changes pro- 
duced by various diseases are presented along with the text. Minor changes 
have been made in this second edition. Newer members of the idtamin B 
complex, intestinal bacterial synthesis of vitamins, the sulfonamides, and trans- 
methylation are among the newer topics discussed. Also certain clinical tests 
are discussed more extensively. 

This text should be satisfactoiy for the students for which it was prepared. 

H. V. 


Treatment of Experimental Data. By A. G. Worthing, Professor of 
Physics, University of Pittsburgh; and Joseph Geffner, Weirton Steel 
Company. Pp. 342. New T'ork (16); John Wilej' & Sons, Inc., 1943. 
Price, $4.50. 

The problems of the proper presentation of experimental data and the 
evaluation of data presented by others have probably, in one form or another, 
confronted most individuals engaged in experimental work. Many have 
perhaps sought vainly in the past for a single text which deals adequately with 
various aspects of this subject. The need for a unified presentation has been 
met by Worthing and Geffner ’s new book. 

Treatment of Experimental Data is a concise, well-organized text. It deals 
sj^stematically with such subjects as criteria for judgment of goodness of data, 
fit of mathematical equations, construction of tables and graphs, preferential 
use of equations, tables or graphs, etc. In addition to these general topics, the 
text affords an adequate treatment of the essentials of correlation. There is 
an excellent appendix upon the subject of determinants, whose value in the 
solution of simultaneous equations (which often crop up in biomathematics), 
does not appear to have been sufficiently recognized by biologists. 

This text should prove of value to most graduate students, and to all work- 
ers in the field of medicine and biology who may wish to become better ac- 
quainted with the mathematical bases of treatment of experimental data. 
The Reviewer is glad to recommend this unique text most highly. 
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Psychological Medicine. By Desmond Curren, M.B., F.R.O.P., D.P.M., 
Psychiatrist and Lecturer in Psychological Medicine, St. George’s Hospital, 
and Honorary Psychiatrist to the Maida Vale Hospital for Nervous Diseases, 
London; Temp. Surgeon Captain R.N.V.R., and Consultant in Psychological 
Medicine in the Royal Navy; and Eric Guttmann, M.D., L.R.C.P. (Ed.), 
Neuropsychiatric Specialist, Emergency Medical Service; Formerly Research 
Psychiatrist, the Maudsley Hospital, London, and Research Neuropsy- 
chiatrist, Nuffield Dept, of Surgery, Oxford. Foreword by J. J. Cony- 
BEARE, D.M. (OxoN.), F.R.C.P., Physician to Guy’s Hospital, London. 
Pp. 188; 21 illustrations. Baltimore; Williams & Wilkins Company, 1943. 
Price, S3.50. 

In this book, designed for students, general practitioners and Service physi- 
cians, the text is dmded into two parts; A Short Introduction to Psychiatiy, 
and War-time Psychiatry. In the former, most of the topics are well discussed ; 
they are Introductory, AUtiolo^ of Mental Disorder, Symptoms in Mental 
Disease, Psychiatric Case-taking, Treatment, Constitutional Anomalies, 
Organic Syndromes, Drug Addictions, Schizophrenia, Affective Reaction 
Types, Hysterical Reactions, and Legal Aspects of Mental Illness (since the 
book is published in America, inclusion of the English and Scotch laws per- 
taining to mental diseases, and exclusion of our own, renders that portion of 
the book of but little value here). 

As regards psychoanalysis; "it has tended to become a special calling for 
the pursuit of which neither a psychiatric nor a general medical training has 

always been considered essential Such results as are available, do not 

seem to be any better than those obtained by less expensive and laborious 
methods.’’ Under Intelligence Tests, no mention is made of the Rorschach 
procedure, which several countries have used successfully in their examinations 
of service men. 

The part on War-time Psychiatry has but one defect— it is much too brief. 
There are excellent short discussions on Principles of War-time Psychiatry, 
Examination of Service Men, Clinical Syndromes, Management and Treat- 
ment, and Psychiatric Aspects of Head Injuries. N. Y. 


Biochemistry for Medical Students. By William Veale Thorpe, M.A. 
(Cantab.), Ph.D. (Lond.), Reader in Chemical Physiology, University of 
Birmingham. Third Ed. Pp. 476; 39 illus. Baltimore; Williams & Wil- 
kins Company, 1943. Price, S4,50. 

Exigencies of the war have prevented the author from making very man3^ 
changes in the material presented in the third edition. A short chapter on 
the Chemistry of Respiration has been added. Rearrangement of the text 
has allowed the addition of some other new material. 

The presentation of the general descriptive matter is both adequate in 
scope and detail. It is to be regretted that the weakest part of the volume is 
concerned with the metabolism of foodstuffs within the tissues. Most of the 
fundamental work of the last few years has, of necessity, been omitted. It is 
hoped that this (serious) omission will be corrected in any future edition. 

H. V. 


Elements of Medical Mycology. By Jacob H. Swartz, M.D., Assistant 
Professor of Deimatolo^, Harvard Medical School and Postgraduate 
School, Boston, Mass., with an Introduction by Fred D. Weidman, M.D., 
Professor of Dermatological Research, University of Pennsylvania, Phila- 
delphia, Pa. Pp. 179; 79 figs; 1 table. New York: Grune & Stratton, 
Inc., 1943. Price, S4.50. 

This book is not a definitive text but is designed to serve the medical 
student or practitioner as a guide in the study of fungous diseases. Discus- 
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sioii of certain rarer diseases has been sacrificed for simplicity and conciseness 
of content and expression. The book contains a general discussion of fungi 
and a glossary of terms which should jjrove helpful to the reader for orientation. 
One chapter is devoted to the laboratory diagnosis of fungous infections. 
Other ehapter headings are: jBlastomj''cetes (j’-east-like fungi); Microsporum; 
Trichophyton; other pathogenic fungi, including Gilchrist’s organisms, Fara- 
coccidioides brasiliemis, Cocddimdes immitis, chromoblastomycetic fungi, 
Sporotrichum, Actmomyces, and Histoplasma. A short chapter is devoted 
to common contaminants and probable pathogens which may be encountered 
frora_ the air._ There is a very brief discussion of immune reactions (tricho- 
phytin and oidiomycin tests) and the effect on fungi of sulfanilamide and its 
derivatives. A chart, measuring 15 x 31 inches, gives much important infor- 
mation on the clinical pictures and mycologic findings for many of the impor- 
tant fungi. The illustrations are verj' good. H. M. 


BiocHEMiSTiiY OF THE Fa'Cty Acids and Their Comjmunds, the Lipids. By 
W. R. Bloor, Professor of Biochemistrj" and Piiaimacology, The University 
of Rochester, Rochester, N. Y. American Chemical Societj" Monograph 
Series. Pp. 386; tables and charts. New York: Reinhold Publishing 
Corp., 1943. Price, -SG.OO. 

Within the last few years there has developed a marked interest in the 
chemistrj' and function of the lipids. This is due in part to the development 
of more adequate analytical tools, and also to a greater appreciation of the 
ubiquitous rdle of these compounds in the life processes of all living tissues. 

In this book the field of discussion is limited to those naturally occurring 
substances chemically and metabolically related to the fatty acids. In the 
preliminary chapter the descriptive and analytical chemistry of the com- 
pounds to be discussed is outlined. Subsequent chapters deal with digestion 
and absorption, lipids of the blood, lipids in tissue, lipid metabolism, and the 
lipids of secretions and excretions. 

We are fortunate in having such an eminent leader in this phase of bio- 
chemistiy summarize and correlate the evidence accumulated up to the 
prasent. While many phases of the subject do not permit a complete picture 
to be developed, this review by Dr. Bloor focuses attention upon future 
problems. Everyone having an interest in this phase of biochemistry will 
find this book of great value. H. V. 


Urological Diseases of Pregnancy. By E. Graniolle Crabtree, M.D., 
Urologist to the Boston Lying-In Hospital, With a signed chapter by 
George C. Prather, M.D., Assistant Urologist to the Boston Lying-In 
Hospital. Pp. 472; 158 figs., several in color. Baltimore; The Williams 
& Wilkins Company, 1942. Price, $5.00. 

In the not distant past, when one thought of the urologic aspects of preg- 
nancy, the subject of pyelonephritis of pregnancy came to mind. Other 
considerations were not frequently thought of. Dr. Crabtree’s book is the 
first comprehensive treatise on the urologic aspects of the pregnant state. 
It represents a work of over 25 years. The information upon which the text 
is built could only have been obtained by extensive study of the literature and 
by extensive personal experience. . 

The great advance in the state of knowledge, concerning these subjects, 
which began in 1930, is recorded. The application of basic principles of 
urologic study to pregnant women in health and disease had to await 
the development of the urologic approach. This knowledge springs from 
the use of the modern cystoscope retrograde pyelography, intravenous urog- 
raphy, renal function tests, and blood and urine chemistry. 

The book contains 36 chapters and is divided into 2 parts. Among tne 
subjects covered in the first part of the book are anatomj' and phj'siology ot 
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pregnancy, effect of pregnancy on preexisting pathologic conditions in the 
urinary tract, and urinary tract infections. The predisposing causes of urin- 
ary infections and their treatment in the light of most recent advances are 
thoroughly covered. There is a separate chapter on the bladder and the 
effect of pregnancy, delivery, and puerperium upon it. 

The technique of cystoscopj'’ and other urologic examinations as particu- 
larly applied to the pregnant state is discussed in the second half of the book. 
The following subjects are discussed in detail in this section: toxemia of preg- 
nancy, hematuria, lone kidney, tuberculosis, calculus, tumor, polycystic dis- 
ease, and diabetes mellitus. 

There are chapters on renal and ureteral injury in pregnancj’', renal insuffi- 
ciency from blood transfusion, and renal contraindications to pregnancy . 

The book is well organized and profusely illustrated, and has a bibliography 
at the end of each chapter. It is indeed a scholarly treatise and deserves 
preeminence as a source book in the field. L. La T. 


NEW BOOKS 

Backache and Sciatic Neuritis. By Phiup Lewie, M.D., F.A.C.S., Associate 
Professor of Bone and Joint Surgeiy, Northwestern University Medical 
School; Attending Orthopedic Surgeon, Cook County Hospital; Attending 
Orthopedic Surgeon, Michael Reese Hospital; Professor, Orthopedic Surgery, 
Cook County Graduate School of Medicine, Chicago; Lieutenant Colonel, 
Medical Corps, U. S. Army. Pp. 745; 235 figs. Philadelphia: Lea & 
Febiger, 1943. Price, SIO.OO. 

A Hundred Years of Medicine. By C. D. Haagensen and Wyndham E. B. 
Lloyd, Pp. 444; a few figs. New York: Sheridan House, 1943. Price, 
!53.75. 

Psychosomatic Diagnosis. By Flanders Dunbar, M.D., Med.Sc.D., Ph.D., 
Department of Medicine and Psychiatry, Columbia University. Foreword 
by Leonard G. Rowntree, Colonel, Medical Reserve Corps, U. S. Araiy. 
Pp. 741; no figs. New York, London: Paul B. Hoeber, Inc., 1943. Price, 
$7.50. 

Medical Radiographic Technic. Edited by Glenn W. Files, Director of Gen- 
eral Electric X-Ray Corporation Technical Serrdce Department. Pp. 365; 
381 figs, Springfield: Charles C Thomas, 1943. Price, S6.00. 

The Modern Management of Colitis. By J. Arnold Bargen, M.D., M.S., 
F.A.C.P., Chief of the Section on Internal Diseases, Division of Medicine, 
Mayo Clinic; Associate Professor of Medicine, Mayo Foundation, Rochester, 
Minn.; Secretary, American Gastroenterological Association; Vice-Chair- 
man, Section on Gastroenterology and Proctology, American Medical 
Association. Pp. 332; 148 figs. Springfield: Charles C Thomas, 1943. 
Price, $7.00. 

The Arthropathies. A Handbook of Roentgen Diagnosis. . By Alfred A. 
deLorimer, A.B., M.A., M.D., Colonel, Medical Corps, U. S. Army; 
Commandant, The Army School of Roentgenology, Memphis, Tenn.; 
Formerly Director, Department of Roentgenology, Army Medical School, 
Washington, D. C. Pp. 319; 678 figs. Chicago: The Year Book Pub- 
lishers, Inc., 1943. Price, $5.50. 

Medical Parasitology and Zoology. By Ralph Welty Nauss, B.Sc., M.D., 
Dr.P .H., Assistant Professor of Public Health and Preventive Medicine, 
Cornell University Medical College; Consulting Parasitologist, New York 
Hospital; Fellow, American Public Health Association; Lieutenant Colonel 
and Flight Surgeon, Medical Reserve Corps, U. S. Army. Foreword by 
John C. Torrey, Ph.D., Professor (Emeritus) of Epidemiology, Cornell 
University Medical CoUege. Pp. 534; 95 figs. New York, London: Paul 
B. Hoeber, Inc., 1943. Price, $6.00. 
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^1 Mamial of Medical Parasitology. Clay G HuL'P, Professor of Para- 
sitdo^, University of Chicago. J’p. 88; 10 plates. Cliicago: University 
of Chicago Press, 1943. Price, $1.50. 

Nelson Loose-Leaf Renewal Pages— Spcdallies in Medical Practice. Edited by 
Edgar Van Nuy's Allen, M.D., Chief of a Section in the Division of Medi- 
cine, The Mayo Clinic, Rochester, Minn.; Associate Professor of Medicine, 
The Mayo Foundation for Medical Education and Research, Graduate 
School, University of Minnesota. Two Vols. Pp. 270; new front matter; 
2 new color plates; revised and enlarged inde.v. New York: Thomas Nelson 
(& Sons, 1943. 

A BEniES of rovi.sod monograplis by spccialisl.s bringing such information in their 
ro.spective fields, ns set forth in the first edition of Specialties in Medical Practice, pub- 
lished in 1940, up to date. There is added to this first'set of Renewal Pages an article 
on Minor Surgery by W. Kenneth Jennings, Pittsfield, and a revision of the article 
on Orthopedic Surgery, with new .sections and illustrations, by Don King, San Fran- 
cisco. These additions, revisions of 9 other chapters, and .an enlarged inde.v, make 
the 1943 edition of Specialties in Medical Practice especially valuable to the pliysician 
during the busy days of war-time conditions. R. K. 


NOTICE AND INSTETJCTIONS TO CONTRIBUTORS 

Manubcbipts intended for publication in the Amebican Journal of the Medicai. 
SctENCES, and correspondence, should be sent to the Editor, Dr. Edward B. Krumb- 
HAAR, School of Medicine, University of Pennsylvania, Philadelphia 4, Pa. Articles 
are accepted for publication in the American Journal op the Medical Sciences 
exclusively, except in the case of subsequent publication in Society proceedings. 

Manuscripts should be typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have typed captions 
bearing corresponding numbers. For identification they should also have the author’s 
name written on the margin or back. The recommendations of the American Medical 
Association Style Book should be followed. References should be numbered and at 
the end of the articles, arranged alphabeticallj’ according to the name of the first author 
and should be complete, that is, author’s name, journal, volume, page and year (in 
Arabic numbers) . 

Return Postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 


NEW NOTICE TO CONTRIBUTORS AND SUBSCRIBERS 

Activated by a directive from the War Production Board, we have changed the size of 
our type page for the “duration” to effect an economy in the amount of paper used. 
While there is a smaller number of pages, the amount of material has not been noticeably 

reduced. • -u l 

We hope that any unpleasant effect produced by cutting down the margins will be 
accepted and approved by readers as a temporary war casualty. It is possible that 
more radical changes will have to be made later, but ■we are loath to change any more 
than absolutely necessary, a format that has existed practically unchanged since the 
Journal began in 1820. . „ . ... j 

For the balance of the war, 150 reprints will be supplied gratis. Covers will be omittec 
on all articles. In ordering additional reprints, we will supply in multiples of 160. 
This modification is for the same reason as the change of format, i. e., conservation of 
paper. 


NOTICE TO SUBSCRIBERS AND ADVERTISERS 
We desire to secure several copies of the March and May 1943 
numbers of this Journal, in order to comply with requMts and 
need for replacements in long library “runs.” The 'war situation 
has made it impossible to print extra numbers to supply this 
demand. We would be very grateful to anyone who would re turn to 
the Publishers any unmutilated copies of these numbers for which 
they have no further use, and we would be glad to repay postage. 
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THE DIAGNOSTIC VALUE OF PANCREATIC FUNCTION TESTS 
IN 47 SURGICALLY TREATED CASES 

By Louis Bauman, M.D. 

ASSISTANT PROFESSOR OF CLINICAL MEDICINE . 

AND 

Allen O. Whipple, M.D. 

VALENTINE MOTT PBOPESSOR OP SURGERY 
N'eW YORK, N. Y. 

With the technical assistance of 

Miss Edith Bratti, A.B., and Miss Paullynn Stines, R.N. 

(From the Departments of Medicine and Surgery, Presbyterian Hospital and 
Columbia University) 

Medical men have long been concerned with the motor and secre- 
tory abnormalities of the stomach. This organ furnishes pepsin and 
hydrochloric acid and initiates the digestion of protein. The func- 
tional disturbances of the pancreas, however, a gland which supplies 
protein, starch and fat-splitting ferments, have received scant atten- 
tion, owing to the lesser accessibility of the organ, and to tlie lack of 
a good diagnostic test. The need for a reliable test of the external 
pancreatic function is obvious when one experiences the difficulty of 
diagnosis of purely functional disorders as well as cancer and inflam- 
mation of this organ. 

Secretin, the hormonal stimulant of the pancreas, is a protein com- 
pound that can be extracted from the mucous membrane of the small 
intestine. We are indebted to Hammarsten and collaborators'^ for the 
preparation of a standardized secretin that is commercially available. 
The injection of this product into a normal person induces a copious 
flow of dilute pancreatic juice that is relatively poor in ferments. In 
acute and chronic pancreatitis Agren, Lagerlof and Berglund^ found 
that the pancreatic juice following secretin was low in volume, bicarbo- 
nate or ferment concentration or in all 3. Diamond and SiegaP on the 
basis of 130 secretin tests corroborated the results of the Swedish 
authors and thus confirmed the clinical value of the test. 

Neural stimulation of the pancreas through the vagus nerve follows 
the injection of methyl acetylcholine (“mecholyl”). The resulting 
juice is more concentrated than that after secretin and therefore 
richer in ferments.^ 

VOL. 207, NO. 3 — MARCH. 1944 
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In pancreatic disease, according to Diamond,® the enzyme content 
of the juice is affected before the bicarbonate concentration. For this 
reason and because of the difficulty of procuring secretin at the present 
time our experiences are limited to the use of mecliolyl. 

The limitations of all functional tests are appreciated. A normal 
bromsulphalein liver function test is possible when the organ is riddled 
with CcTrcinoma, provided that normal intervening parenchyma is 
present. The same applies to kidney tests. The remaining islets 
suffice to maintain normal de.xtrose utilization when three-quarters 
of the human pancreas is ablated.® The truisms that no test is 100% 
reliable and that laboratory results must be correlated with the clinical 
picture hardly need repetition. 




Fig. 1. — Diagrammatic illustration of removing substance from pancreas. 


That disturbance of physiology is not always associated with gross 
or even microscopic changes is becoming clearer as funrtional organ 
studies progress. To quote Professor Virginia Kneeland Fran z, u 
both benign and malignant tumors of islet cells tliere are no histologic 
criteria by which we can distinguish those which are functional anU 
those which are not. With an exceedingly small adenoma, a patient 
may be unconscious from hypoglycemia while with an even larger 


* Personal communication. 
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similar tumor in another case there may be no symptoms of hyper- 
insulinism.” 

Eecently a middle-aged man with prolonged digestive disturbance 
and distress in the upper abdomen had normal gall bladder and stomach 
Roentgen ray reports. He also had achylia gastrica and deficiency of 
pancreatic ferments yet histologic examination of part of the pancreas 
removed at operation was normal. It is important to realize that 
absence or diminution of ferments in the pancreatic juice does not 
itself signify organic disease of this organ. 


Papillary projection, the 
site of microscopic open- 
ings of the pancreatic duct 


Ampulla of Vater 

Fig. 2. — Diagram of anatomy of specimen removed at operation. (Case 686471.) 

Technique. A rubber tube 4 feet long and 16 French in diameter is used. 
It is divided into two compartments throughout its length by a central longi- 
tudinal partition. One end is provided with a perforated metal tip, the other 
end projects from the nose where each canal is connected with a short tube. 
One compartment is perforated at that part of the tube which is in contact 
ivith the body of the stomach but has no connection with the duodenum; 
the other canal is only connected rvith the duodenum (Fig. 1). The gastric 
and duodenal secretions can therefore be separately removed by gentle aspira- 
tion. Acidification with hydrochloric acid destroys the pancreatic ferments. 

After the tube has been passed into the stomach through the nose, the 
patient is placed on the right side and transported to the fluoroscopy room. 
The assistance of the roentgenologist* is necessary to manipulate the tube 
into the duodenum. This is often difficult, time-consuming and at times 
unsuccessful. Pylorospasm or abnormal conformation of the stomach or 
duodenum may be the cause of failure. Fifteen mg. of mecholyl are now 
injected subcutaneously and after 10 minutes the first fraction of pancreatic 
juice is obtained. Three further 10-minute fractions are collected. Untoward 
mecholyl effects can be counteracted by atropine. To avoid deterioration of 
ferments the juice should be collected in tubes immersed in ice-water. If the 
pH of the fractions is above 7 their ferment activity is determined by the follow- 
iag procedures: Amylase and protease bj'’ modified Wohlgemuth and Gross 
casein methods, respectively, 2 and the lipase by the Cherry and Crandall 
method.® 

* We are indebted to Dr. Ross Golden and his staff of the Roentgenology Department 
of the Presbyterian Hospital .for their help. 
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Results. We have divided the cases into 2 groups, those with nor- 
mal ferment concentrations and those with abnormal ferment con- 
centrations due to proven pancreatic disease. 

Nomal Res 7 ihs- (Table 1). It is apparent that hi ca.ses of stone in 
or cancer of the bile ducts, normal pancreatic juice is usually obtained. 
Painless obstructive jaundice associated with normal pancreatic juice 
is usually found in cancer of the bile ducts. In tumor of the ampulla 
normal pancreatic ferments may be obtained if the pancreatic duct 
or ducts enter the duodenum separately, or if there is an accessory 
duct of Santorini. 

Figure 2 is a diagram of the anatomy of the specimen removed at 
operation from Patient 686471. Grossly the tumor at the ampulla 
was easily demonstrable but the entrance of the pancreatic duct could 
not be found though normal pancreatic ferments had been obtained. 
Microscopic examination revealed minute branches of the duct of 
Wirsung entering the duodenum. 

In only 1 patient (No. 671580) with proven cancer of the pancreas 
were normal ferments obtained. In this case there was a cancer of 
the head of the pancreas invading the common bile duct without 
obstructing the pancreatic duct. 

In the series Avith normal pancreatic ferments no e\’idence of pan- 
creatic disease ivas found except in Case 657331, ivhere the histology 
of a biopsy specimen shoAved a predominantly normal picture ivith an 
occasional patch of fibrosis. 

Patient 638191 had a serum amylase that was elevated to about 
3 times the normal level, a diabetic glucose tolerance curve but normal 
concentrations of ferments in the pancreatic juice. The surgeon 
found the pancreas firm and almost nodular to palpation.* The serum 
amjdase tests preceded the pancreatic function test by about 2 weeks. 

Patient 508263 with stones in the common duct had been observed 
for 5 years but had steadfastly refused operation before. The possi- 
bility of pancreatitis was considered but Avith normal ferments this 
supposition was considered unlikely. At operation 7 stones Avere found 
in the common duct. The pancreas felt normal. 

ResuUs in Pancreatic Diseases (Table 2). Painless obstructive 
jaundice Avith Ioav or absent pancreatic ferment concentration is 
almost always due to cancer of the pancreas. Pancreatitis is usually 
associated with pain and if acute an elevated serum amylase is the rule. 
The determination of serum amylase has become one of the important 
clinical laboratory procedures. An elevated serum amylase is a reli- 
able indication of acute pancreatic disease. This ferment is readily 
excreted by the kidney so that a fleeting edema of the pancreas may 
escape recognition if the test is delayed. 

. It is noteworthy that alkaline juice is usually present cA-en in ad- 
vanced pancreatic disease and that the activity of the 3 ferments is not 
affected to the same extent. In some patients the concentration of 

ferment remains normal Avhile that of the other 2 is markedly 
diminished. 

* Deductions drawn from the feel of the pancreas at operation liave proven erroneous 
in a number of cases. 
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Sugary. The reaction and ferment concentration of the pan- 
creatic juice has been determined in about 150 patients. 

This experience, together with that of Pratt® of Boston and the 
other clinicians already quoted, indicates that a test of the external 
function of the pancreas may well become an important diagnostic 
procedure. 

Conclusions. Mechobd injection induces the secretion of a rela- 
tively concentrated pancreatic juice which is well adapted for ferment 
determination. 

Separate aspiration of the stomach is necessary to avoid acidifica- 
tion which injures the pancreatic ferments. A tube with 2 lumina is 
used for this purpose. 

Functional disturbances of the external secretion of the pancreas 
may occur without demonstrable histologic changes in the organ. 

Painless obstructive jaundice with normal pancreatic ferments favors 
the diagnosis of carcinoma of the bile duct. In tumor of the ampulla, 
normal ferments may be obtained if the pancreatic duct enters the 
duodenum separately or if there is an aecessor^’^ duct of Santorini. 

Painless obstructive jaundice with diminished or absent ferments 
favors the diagnosis of carcinoma of the pancreas. 
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At the present time the chemical agents that have proved most 
effective in combating experimental tuberculosis of guinea pigs have 
been derivatwes of 4,4'-diammodipheDylsulfone.^’^-^’®'^®’^® Although a 
fairly large number of derivatu'es of this compound have been sub- 
jected to tests in vivo to determine their possible effects on tuberculosis 



FELDMAN, HlNSHAW, MOSES: 4,4'-ELAMlNODlPHENYLSUEFONE 291 

induced experimentallj^ relatively few experiments have been reported 
concerning the ability of 4,4'-diaminodiphenylsulfone to influence an 
experimental tuberculous infection. 

Hist, Bloch and Hamon,^^ in 1940, reported on the effect of 4,4'-di- 
aminodiphenylsulfone on rabbits and guinea pigs inoculated intra- 
venously with avian tubercle bacilli. Since peroral administration of 
the drug in the dose employed induced in rabbits considerable and 
serious toxic manifestations, the rabbits received the drug subcuta- 
neously suspended in olive oil. The drug, mixed with mucilage of 
tragacanth and syrup, was given by mouth to the guinea pigs. Although 
the experiments were of relatively short duration the results, based 
on the number of tubercle bacilli in the lesions and the histologic 
character of the tissue changes, indicated that a definite inhibitory 
effect had been achieved. 

In 1942 Smith, Emmart and Westfalfl® studied the effects of several 
compounds, including 4,4'-diaminodiphenylsulfone, on experimental 
tuberculosis of the guinea pig. Although histopathologic studies were 
not reported, they stated that of the several drugs that exerted a 
deterrent effect on experimental tuberculous infection 4,4'-diamino- 
diphenylsulfone was the most effective. Smith, Emmart and West- 
fall emphasized the toxie nature of this drug but in view of its high 
specificity they expressed the belief that the search for more effective 
and less toxic derivatives should provide a promising field of investi- 
gation. 

The Drug. 4,4'-Diaminodiphenylsulfone is a drug of unusual inter- 
est and importance because of the possibility that some previously 
reported tuberculotherapeutic drugs (“promin”* and diasonef maj’' 
break down in the body to diaminodiphenylsulfone or a similar sub- 
stance common to all. There is no proof that such breakdown occurs, 
but the union between the parent substance and the added radicals 
would appear to be unstable. Experience has shown that promin has 
quite different effects when given orally than it has when given paren- 
terally, suggesting that some significant chemical transformation occurs 
in the digestive tract. 



Fig. 1.— Structural formula of 4,4'-diaminodiphonylsulfone. 


4,4'-Diaminodiphenylsulfone, which we obtained through the kind- 
ness of Dr. E. A. Sharp and Dr. L. A. Sweet, Parke, Davis & Co., 
Detroit, Mich., is somewhat simpler in chemical constitution than are 
most of the more popular chemotherapeutic compounds. The struc- 
tural formula assigned to this compound is illustrated in Figure 1. 
As may be noted, 4,4^-diaminodiphenylsulfone is not a sulfonamide 


* Sodium P.p'-diaminodiphenylsulfone-N,N'-didextrose sulfonate, 
t Sodium formaldehyde sulfoxylate diaminodiphenylsulfone. 
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derivati\'e, as are most of the widely used products a\^ailable at this 
time. The diphenylsulfone nucleus of this substance is the essential 
feature of the so-called “sulfone” group of compounds which sharply 
distinguishes them from the “sulfonamide” group of compounds. It 
is important to emphasize the distinction between these 2 groups of 
substances because of increasing evidence that the therapeutic and 
toxic effects are quite different and contrasting in the 2 instances. 
Significant tuberculotherapeutic effects are essentially lacking in the 
sulfonamide series but are present in striking degree in several com- 
pounds of the sulfone series. There are differences in the toxic effects 
of the 2 groups of substances and their absorption, excretion, detoxica- 
tion and mode of action may be quite different, but the latter have 
been inadequately studied. 

Diaminodiphen 3 dsulfone, which has a molecular weight of 248, is 
quite insoluble in water at room temperature (0.01%). Its crystals 
are described as long, rectangular, colorless flakes that have a melting 
point of 17G° C. It has little taste and maj'^ be mixed with the feed 
of animals without impairing palatabilitjL In mice, toxic doses of the 
drug cause the animals to become agitated and restless in behavior, 
undoubtedl 3 '- a neurotoxic effect. Incidentall 3 '', sulfanilamide is also a 
neurotoxic drug for mice but produces paral 3 -sis rather than excitement 
and stimulation. Diaminodiphen 3 dsulfone is absorbed rather slowl 3 ' 
from the gastro-intestinal tract, and the presence of the compound in 
the blood stream persists for a much longer period than in the case 
of sulfanilamide and related substances. Long and Bliss^- stated that 
“its acute toxicit 3 ^ is so great as to preclude its use in clinical thera- 
peutics.” However, Long and Bliss did not present the evidence on 
which this conclusion was based. No adequate stud 3 ' of the effects of 
this compound on the human being has come to our attention. 

4,4'-Diaminodiphenylsulfone was first synthesized b 3 '- Fromm and 
Wittmann^i in 1908, but the drug did not find any practical application 
until 1937 when Buttle, Stephenson, Smith, Dewing and Foster^ dis- 
covered its remarkable efRcac 3 '^ in treatment of experimental strepto- 
coccal infections of mice. They noted that this compound was mucli 
more effective than sulfanilamide in curing streptococcal infections of 
mice but likewise it was more toxic. It was much less toxic for rabbits 
and monkeys than for mice but produced methemoglobin more readil}^ 
than did sulfanilamide. Buttle and his associates found that Avhen a 
single dose of 0.3 gm. was given to a man his blood became bacteri- 
cidal for streptococci. Fourneau, Trefouel, Nitti, Bovet and Trefouel'’ 
made similar observations while working independently with this drug 
at the same time. 

Bauer and Rosenthal,^ in 1938, reported that 4,4'-diaminodiphen3d- 
sulfone was about 30 times as effective as sulfanilamide against strep- 
tococci. The 3 ’- found the therapeutic index* to be 6, compared with 
an index of 3.3 for sulfanilamide and 20 for diacetyldiaminodiphenyl- 
sulfone. No extensive effort at clinical application of these findings 

* The therapeutic index was determined by Bauer and Rosenthal- by dividing the 
maximal tolerated dose by the minimal effective dose. 
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had been reported, doubtless because of the toxic potentialities of 
the drug. 

4,4'-Diaminodiphenylsulfone has also been found to be distinctly 
superior to sulfanilamide in curing mice of pneumococcal infections.® 

Methods. The report that follows is based on data from 3 separate experi- 
ments. In all instances young adult male guinea pigs whose average weight 
was approximately 450 gm. were used. The feed consisted of so-called rabbit 
chow to which was added corn syrup supplemented tunce weekly with fresh 
cabbage. The infecting agent was a human tubercle bacillus, strain H37RV, 
grown on the synthetic medium of Proskauer and Beck. The animals were 
caged in pairs. The drug was mixed with the feed to the amount of 0.33 % by 
weight.* * * § The daily intake of the drug was estimated to be approximatelj’- 
150 mg. per animal. 

Experiment 1. Twenty-eight animals were utilized. These were divided 
into 2 groups of 14 guinea pigs each. Two daj's before the animals were 
inoculated with tubercle bacilli the drug was added to the feed of 1 group. 
Forty-eight hours later each animal in both gi'oups was inoculated subcuta- 
neously in the sternal region with 0,1 mg. of an 18-day-old culture of tubercle 
bacilli (H37RV). Administration of the drug with the feed was continued 
daily, and the experiment was terminated on the 60th day after infection.f 

Experiment 2. Two groups of 10 guinea pigs each were selected. The 
e.xperimental procedure followed was essentially the same as that described for 
experiment l.f The experiment was terminated 60 days after inoculation 
vith tubercle bacilli. 

Experiment 3: Forty-two guinea pigs were used. Each was inoculated 
subcutaneously in the sternal regioir with 0.0005 mg. of a 23-day-old culture of 
H37RV. 

Forty-two days later all of the guinea pigs were found to be sensitized to 
tuberculin. § At this time the animals were dmded into 2 groups. Group 1 
consisted of 28 animals; these were the untreated controls. Group 2 consisted 
of 14 animals; these were treated with 4,4'-diaminodiphenylsulfone._ (Treat- 
ment was thus begun 6 weeks after the animals received the infective dose.) 
The experiment was continued for 228 days after the animals had received the 
infective inoculum. The animals in the treated group had received the drug 
for a total of 186 days. When the experiment was terminated, the animals 
that were living, in both groups, were killed. 

Results. Comparative Survival Times. In Experiment 1, in which 
there were 14 animals in each group (treated and untreated), only 
1 guinea pig had died when the experiment was terminated on the 
60th day. The 1 death occurred in the group that was being treated. 
The animal died 35 days after inoculation with tubercle bacilli and had 
received 4,4'-diaminodiphenylsulfone for a total of 37 days. The 
cause of death was not determined. Since only 1 animal in the treated 
group died and all of the untreated ones lived, the difference in the 
survival time of the animals in the 2 groups appears to be of no sig- 
nificance. 

* This dose was selected after feeding trials and represents an approximate molecular 
equivalent to 3 times as much promin. The molecular weight of promin is 780 while 
that of 4,4'-diaminodiphenylsulfone is 248. 

t Details concerning the feeding of guinea pigs in experiments pertaining to chemo- 
therapy of tuberculosis and information regarding the strain of tubercle bacilli used 
(H37RV) and its cultivation have been published previously.'' 

t In Experiment 2, the age of the culture was 20 days. 

§ Gilleland’s OT diluted 1:100. Each animal received 0.02 to 0.03 cc. intracuta- 
neously. 
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In Experiment 2, in which there were 10 animals in each of the 
2 groups, 2 guinea pigs died during the 60-day period of observation. 
Both animals that died belonged in the group that was being treated" 
The first animal died on the 22nd day and the second on the 55th day 
after inoculation. In each instance the cause of death was not apparent. 

In the third experiment 20 of the 28 (71.4%) animals in the un- 
treated group died before the end of the observation period (228 days 
after infection) while in the group that had been treated 10 of 14 
(71.4%) were li\dng 228 days after inoculation (Fig. 2). The first 
death among the untreated controls occurred on the 92nd day after 



C= Control ^roup T= Treated ^roup 

□Negative HD Minimal ED Moderate ■ Severe 

Fig. 2. — Relative mortality rates and amounts and character of tuberculosis in treated 
and in untreated guinea pigs (Experiment 3). 

infection and with one possible exception each of the 20 animals in this 
group that died had a sufficient amount of tuberculosis to have been 
responsible for death. The 4 deaths among the animals that were 
receiving 4,4''-diaminodiphenyIsuIfone occurred on the 47th, 78th, 
88th and 111th day after infection, respectively. Tuberculosis was 
the obvious cause of death of the animal that died on the 47th day. 
The disease was severe in the spleen and lungs and moderate in the 
liver. This animal had received treatment for 5 days only. The cause 
of death of the other 3 animals in the treated group that died before 
the experiment was terminated was not determined. Each of the 3 
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guinea pigs was tuberculous, but the disease Avas minimal and pre- 
sumably not sufficient to account for death. 

In the first 2 or short-term experiments, since none of the controls 
died during the 60-day period of observation and 3 deaths occurred 
among the animals receiving 4,4'-diaminodipheirylsulfone, one may 
presume that the animals died from the toxic effects of the drug. This 
is a presumption only, since objective signs indicative of toxicity were 
not observed. From the point of view of therapeutic efficacy the 
mortality rate is of no value in an experiment of 60 days duration when 
the infective agent is introduced into the subcutaneous tissues. Even 
though excessively large amounts of the infective inoculum be used, 
60 days is too short a period to expect any considerable number of 
untreated controls to die. In a short-term experiment evidence of 
therapeutic eft'ect must be sought in the amount and character of 
the tuberculosis in the respective animals. 

In the third experiment the observations Avere continued for a 
sufficiently long period to make the relative mortality rates of the 
treated and untreated groups of some significance. The results as 
given previously indicate quite definitely that as a vdiole the group 
that Avas treated lived a great deal longer than the group that Avas not 
treated. It is of interest to note that of the 4 treated animals that died, 
the death of the last of the 4 occurred 111 days after the animal had 
received the infective inoculum, whereas 16 (80%) of the 20 animals 
of the control group that died did so after this time. These data 
suggest the favorable influence of therapy in prolonging the survival 
time of the animals in the group that AA’^ere treated. 

Relative Amoxmis of Txihercidosis in Treated and Untreated Groups. 
Of much interest and importance in determining the effect, if any, of a 
chemical agent administered Avith therapeutic intent to tuberculous 
guinea pigs are the amount and character of the tuberculosis in the 
treated and untreated groups of animals. With drugs having little, 
if any, deterrent effect on the disease process sufficient information 
can usually be obtained by comparing the gross changes in the organs 
of predilection of the treated and untreated animals. HoAA’^ever, in 
instances in Avhich tlie gross examination suggests or indicates that 
the therapeutic agent has exerted a favorable effect on the expected 
course of the disease, a proper evaluation of the influence of tlie drug 
is possible only by a microscopic examination of the tissues. This is 
especially true in relatively short-term experiments in which there is 
insufficient time for the disease to express its maximal severity. Micro- 
scopic studies Avill frequently reveal residual disease or relics of previous 
disease that could not have been detected grossly. One should not 
be satisfied Avith less exacting criteria. 

FolloAving a scheme AAdiich has been described preAuously,* a sum- 

* This scheme for evaluating numerically the relative severity of tuberculosis in 
experimentally infected guinea pigs is based on (1) the premise that a non-progressive 
or arrested tuberculous process should be assigned a value inferior to that assigned to 
processes that are progressive and destructive and (2) on the arbitrary selection of the 
figure 100 as representing the maximal amount of tuberculosis possible in any one 
animal. A detailed description of the scheme and of its application hss been reported 
previously. ‘ 
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maiy of tlie effects of 4,4'-diaininoc]iphenylsu]fone in the respective 
experiments is given in Table 1. 


Tabli, 1. Summary of tub Effects op 4,4'-DiA.MiNODiPHBNyLsULFONE 
Exi'ressei} Numericauuv 


All animals Mere inoculated subcutancou.sly with H37RV. The dose of the inoculum 
in Experiments 1 and 2 was 0.1 mg,. In Experiment 3, the dose was 0.0005 mg.) 

Ntimoriral indnx of infection fletcrmincd microscopically 

E.vpcri- Diimtioii 

Group 

.Spleen 

Luiirs* 

Liver 

Site of 
inoculation* 

AyeraRc 

itiflpv 

nicnt (daj'fi) 

(Max. 3.'.) 

(Max. 30) (Mux. 25 

) (Max. 10) (Max. 100) 

It ■ . GO 

Control 
(14 animals) 

31 8 

10.4 

18.2 

10.0 

70.4 

2t 00 

Treated 
(13 animals) 

1 3 

1.7 

1.3 

7.8 

12.1 

Control 
(10 animals) 

20.1 

19.0 

1(5.3 

10.0 

71.4 


Treated 
(10 animals) 

2.9 

3., 8 

1.2 

0.4 

14.3 

3t 22, S 

Control 
(2S animals) 

31.3 

24.7 

18.4 

9.7 

84.1 

Treated 1 .1 

(13 animals) 

* Includes contiguous lymph nodes. 

2.S 

0.23 

4.0 

8.4 


t Administration of driiR started 2 days prior to infection. 
t Administration of drug delayed until 42 days after infection. 

It may lie noted that in tlie 2 experiments that ivere terminated 
60 days after infection, tlie average index of infection among the 
animals tliat were not treated was 76.4 and 71.4, respectively, whereas 
for the animals that received the drug the average index of infection 
was considerably less, being 12.1 and 14.3 respectively. These differ- 
ences, indicative of a deterrent effect of the drug, become even more 
impressive if the involvement of the spleen, lungs and liver only is 
considered and the disease at the site of inoculation is disregarded. 
With these limitations the figures for Experiment 1 would be: un- 
treated group 66.4,* treated group 4.3; for Experiment 2 the average 
numerical index for the untreated group would be 61.4 and for the 
group that was treated, 7.9. 

The differences in the indexes of infection were most striking among 
the 2 groups of animals utilized in the long-term experiment (No. 3). 
Among the untreated controls the average numerical index of infection 
was 84.1 (based on an arbitrary maximum of 100), whereas in tho.se 
animals that received the drug the average numerical index of infection 
was only 8.4. If one disregards the involvement at the site of inocula- 
tion and the contiguous b^ph nodes, the figure for the untreated group 
is 74.4 compared Avith 4.4 for the group that was treated.* 

Of considerable significance was the observation that among the 
13 guinea pigs treated with 4,4-diaminodiphen34sulfone in Experi- 
ment 3, 6 (46%) were devoid of lesions of tuberculosis— grossly and 
microscopically— in the liver, spleen and lungs. In contradistinction 
to the findings just mentioned there was only 1 among the 28 animals 
that were not treated, in which lesions, although present at the site 


* If the site of inoculation is disregarded the maximal index is 90 instead of 100. 
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of inoculation and in contiguous lymph nodes, Avere not demonstrable 
in the liver, spleen or lungs. 

Pathologic Changes. Aside from those animals that Avere treated 
AAuth 4,4^-'diaminodiphenylsulfone and Avere Avithout lesions of tubercu- 
losis in the organs of predilection (Experiment 3) the most impressiA^e 
indication that the drug Avas capable of a tuberculotherapeutic effect 
Avas the difference in the histopathologic characteristics of tlie tissues 
of the treated and of the untreated animals. 



Fig. 3.— Progressive destractive tuberculous changes in (a) spleen, (b) liver and (c) lung 
of an untreated guinea pig killed 60 days after infection (Experiment 1) (X 150). - 


In Experiments 1 and 2 the aggressive character of the disease in 
the untreated controls AVas in sharp contrast to the physical characters 
of the disease among the animals that had received the drug. In the 
former the liver, spleen and lungs Av^ere inAmlved moderately or exten- 
sively Avith necrotizing, disseminating and destructive tuberculosis 
(l^i§- 3)' hen lesions AA'ere present in the liA^er, spleen or lungs of 
the animals that had received 4,4'-diaminodiphenylsulfone, they A\’ere 
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definitely of a dift’erent character from tlie morbid process that charac- 
terized the lesions in the untreated controls. Among the treated 



Fig. 4. — Non-progressive tuberculous changes in (a) spleen, (b) liver and (c) lung of a 
guinea pig that received 4,4'-diaminodiphenylsulfone for GO days after infection was 
established (Experiment 1) (X 150). 


animals the tuberculous changes of the liver, spleen and lungs were 
usually focal rather than diffuse and the lesions were relatii^eh^ few 
and small. Necrosis was infrequently observed and, when present. 
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was minimal in amount. The tubercles were often of the so-called 
hard variety or the epithelioid cells showed retrogressive changes as a 



Fig. 5.--Extensive necrotizing tubercuious involvement in (o) spleen, (b) liver and 

(Exierfmmt 3)Tx 60)!'^ '“fection 

consequence of which “foam cells” were numerous. A moderate to 
an intensive accumulation of lymphocytes and histiocytes occurred at 
the periphery of many of the lesions (Fig. 4). 
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The pathologic changes that occurred in both groups of animals in 
M-periment 3 were more dramatic than those of Experiments 1 and 2. 
ihe duration of the infection in Experiment 3 (228 days) provided 
(1) a fuller expression of the pathogenic potential of the infectious 
agent in the untreated group, and (2) a greater length of time for the 
drug to exert a favorable influence among the animals that were 
treated. Parenthetically, it should be recalled that the beginning of 
treatment in E.xperiment 3 was delayed until 6 weeks after the animals 



Fig. 0. — (a) Atrophic epithelioid nodules in the liver of a tuberculous guinea pig 
treated for 69 days with 4,4'-diaiuinodipIieiiyI.sulfone (X 100)’. (6) Fibroblastic changes 

of splenic lesions indicath-e of healing. The animal died after receiving 4,4'-dminino- 
diphenylsulfone for 34 days (X 75). 


had been infected. This fact might be e.xpected to militate against 
favorable therapeutic effects of the drug. 

The histopathologic character of the disease in the untreated animals 
was that of an apparently uninhibited process that had succeeded in 
many instances in occupying much, if not most, of the respective organs 
of predilection. Necrobiosis was a constant and striking feature, and 
in some instances the parencbjunal involvement was so severe as to 
obliterate identifjdng histologic “landmarks” (Fig. 5 ). 

Among the animals in Experiment 3 treated with 4,4'-diaminodi- 
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phenylsulfone for 186 days, as mentioned previously, there were rela- 
tively few of the organs of predilection in which residual lesions of 
tuberculosis could be found. In the one liver in which lesions were 
seen they consisted of 2 small atrophic epithelioid nodules which were 
evidently non-progressive, since the animal had been infected 111 days 
prior to death, having been treated the last 69 days of life (Fig. 6a). 
The changes observed in the spleen of 1 animal that died after having 
received treatment for 34 days were of some interest because of the 



Fig. 7.— (a) Calcified nodule in spleen of a tuberculous guinea pig treated for 180 da3'S 
with 4,4'-diaininodiphenylsulfone. This was the only lesion found in the organs of pre- 
dilection in this animal (X 100). (b) Solitary ‘‘hard tubercle” in the lung of a guinea 

pig treated for 180 days with 4,4'-diaminodiphenylsulfone (X 100). 


marked fibrosis of what were presumed to be tuberculous changes 
(Fig. 6b). The 2 spleens that contained lesions among the 10 guinea 
pigs that were killed when the experiment was terminated showed only 
a few well-encapsulated calcified nodules (Fig. 7a). The lesions 
observed in the lungs were few and consisted of “hard tubercles” 
(fiig. /b). A finding worthy of mention was an apparent tendency of 
the lesions of the axillary lymph nodes of the treated animals to 
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ScnsiiivitT/ to I ‘iihcrcidi?i. Tivo days before Experiment 3 was 
terminated tlie animals that were living were again inoculated with 
tuberculin intracutaneously. Of the 8 untreated animals tested the 
results in 6 were definitely positive, in 1 negati^^e and 1 animal died 
before the test was completed. Each of the 8 animals was extensi'^^ely 
tuberculous. Of the 10 guinea pigs that had recei^’ed 4,4^-diaminodi~ 
phenylsulfone for 186 days and which were sensitized to tuberculin 
Avhen the treatment was started, the results were as follows; 5 defi- 
nitely positive, 2 indefinitely positive and 3 negative. Of the 5 guinea 
pigs that gave a definite reaction to tuberculin, lesions of tuberculosis 
were present in the organs of predilection of onl 3 ^ 1. Of the 2 in which 
the reaction to tuberculin was indefinite, lesions of minimal and 
non-progressive character were present in the spleen and lung of 1 
but the liver, spleen and lungs of the other were free of demojistrable 
lesions. In 2 of the 3 animals that had negative reactions the paren- 
chjnnal lesions were limited to non-progressive foci in the lungs, 
while in the third animal parenchjunal lesions were not found. 

Aiten^ds to Culture Tubercle Bacilli From, the Sideen. When Experi- 
ments 1 and 2 Avei'e terminated, a portion of the spleen of each animal 
was suspended and used to inoculate culture media suitable for the 
growth of tubercle bacilli. Of the 14 spleens representing the untreated 
controls in Experiment 1, tubercle bacilli Avere cultured from 12; in 2 
the results were Jiegative. Of the 13 spleens from the treated animals 
in Experiment 1, tubercle bacilli AA'ere cultured from only 1; in 12 the 
results Avere negative. In Experiment 2, of the 10 spleens from the 
animals that Avere not treated, positive results Avere obtained in 9; in 
1 the result Avas negative. Of the 7 spleens cultured from the animals 
that had been treated, 2 Avere positive and 5 Avere negatiA'e. When the 
data from the 2 experiments are summarized it is revealed that from 
the spleens of 24 untreated animals positive results AA^ere obtained in 21 
instances, AAdiereas from the spleens of 20 animals that had received 
4,4'-diaminodiphenylsulfone, tubercle bacilli were obtained from only 
3; the results in 17 AA^ere negative. 

Toxicity. As mentioned previously, 4,4'-diannnodiphen3dsulfonehas 
been considered a compound of relatively high toxicity. Our data, 
although not comprehensive, indicate that guinea pigs AA^eighing 1 pound 
(0.5 kg.) or more Avill tolerate at least 150 mg. of the drug daily over a 
long period when the drug is given in the feed . As Avith the derivatives 
of 4,4'-diaminodiphenylsuIfone, tlie parent nucleus does induce certain 
definite changes in the blood. These changes, Avhile of an adverse 
character, appear in the guinea pig in the dose Ave have used not to be 
critical so far as the life of the animal is concerned. The changes are 
rcAmrsible and Avhen the administration of the drug is discontinued the 
blood is restored to a normal state AAutlnn a relatively shorty time. 
Furthermore, in the dose used, the animals ate Avell and maintained a 
presumably normal rate of growth and AA'eight. 

Changes of the Blood. Although no attempt was made to^ obtain 
detailed information concerning the effect on the blood of 4,4'-diamino- 
diphenylsulfone in the 3 experiments described, some data were secured 
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through the kindness of our colleague, Dr. George M. Higgins- At the 
termiLtion of Experiment 3 (228 days after infection) blood uas 
obtained by cardiac puncture from the 8 surviving animals m con- 
trol group and from 6 of tlie animals that had been receiving 4,4 -di- 
aininodiphenylsulfone for 18G days. The results of the study of the 
blood are summarized in Table 2. 


Table 2.— Effects of 4,4'-Diamixodiphesylsulfone on the Blood of 
T uBEBCOLOtis Guinea Pios 


(The treated animals had received the 


Erytlitocytcs 
{millions per 
.tni'mais c.mm.) 


Control ...... 8 

4,4'-diaminodipUcnylsulfone b 
* Probable error ol the meivn. 


.'5.3.0 

3.03*0.14 


drug daily in 


Volume of 
erythrocytes 
(cu. U) 
84.9*0.00 
123.1 *2.30 


the feed for ISO days) 

Hemoglobin Ecticulocytcs 
(gm. per 100 cc. (% of 
of blood) ciytlirocytos) 
13.3*0.1.5 1,3*0.17 

11.2*0.50 10.3*0.80 


From the data assembled, it appears that definite destruction of the 
erythrocj’tes was exerted by the drug. A hi^iochroinic macrocytic 
type of anemia was induced. The total number of erythrocytes per 
c.mm. of blood from the treated animals was 1,720,000^150,000 less 
than the controls, and the average size of the erythrocytes froin the 
treated animals was 38.2=1=2.5 cu. /t greater than the controls, ''niis 
degree of macrocytosis indicates rapid regeneration by the hemopoietic 
centers. The concenti'ation of hemoglobin per 100 cc. of blood in 
animals given the drug was 2.1 =±=0.5 gm. less than the controls, a 
difference which is statistically significant. The high ]iercentage of 
reticulocytes (10.3 =±=0.8) is further evidence that the hemopoietic 
centers were not impaired by the drug, which apjiareiitly acts directly 
on the erythrocytes in the circulation. 

The concentrations of hemoglobin and of 4,4'-diaminodi])lienylsul- 
fone in the blood of the animals in Experiments 1 and 2 are shown in 
Table 3. 


Table 3. Concentrations of Hemoglobin and of 4,4CE)jyj,iKODn'HENYLsuLFONB 
IN THE Blood of Guinea Pigs That Had Received the Drug for 60 Days 


Experiment 

Group 

Animals 

1 

Control 

14 


Treated 

13 

2 

Control 

10 


Treated 

7 


Average grams of 
liemoglobin 
per 100 cc. blood 

13.2 

(11.2 -15.5)* 

11.3 

( 9.1 -12.8) 

13.3 

(11,2 -15.7) 
20.1 

( 1.9t-12.4) 


.Average concentration of 
4 .4'-dmminQdipUcnylsultone 

per 100 cc. of blood 


1.94(1.41-3.45) 


4.1 (1.88-5.7G) 


* Figures in parentheses represent ranges. 

guinea pig with the hemoglobin value of 1.9 gm had when t-ille .1 i • 

colitis and a few petechia] hemorrhages in the mucosa of the stom'sch The loo V Jicniorilmgic 

have accounted for the low hemoglobin value.™ a rasult of mentioned could 


Comment. These studies while not exliaustive, do provide sufficient 
data to establish ffie fact that 4,4'-diaminodiphenylsulfone under the 
conditions imposed has a relatively high tuberculotherapeutic efficacy. 

! capable of exerting a marked deterrent effect 
f ? tuberculosis m guinea pigs when the administra- 

um of the drug was begun 2 daj^s before the animals were infected, but 
of much greater importance was the favorable effect achieved when 
the beginning of treatment was delayed until 6 weeks after the animals 
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had been inoculated. Conser\'ativel.y, one must consider tlie data 
obtained from the first 2 experiments, which were terminated 60 days 
after infection, as suggestive ratlier than convincing CA'idence of the 
favorable eft’ect of the drug. The results of the 3rd exiDeriment, which 
continued for 228 days, were entirely consistent with the situation that 
appeared so im])ressi\'e in the experiments of shorter duration. In other 
words, even though the infective dose of tubercle used in Experiments 1 
and 2 was 200 times as great as that used in Experiment 3 and the 
period of treatment was only 60 days compared with 186 days in 
Experiment 3, a definite and anatomically significant effect of the 
drug was demonstrable. In the experiment of longer duration tlie 
same favorable anatomic picture was present and the therapeutic 
effects were more apparent. Fewer lesions were found, and those 
observed showed a more comjjlete arrest of the disease than occurred 
in the animals that received the drug for 60 days only. 

AVhether or not treatment for a period longer than 186 days would 
have reduced the residual evidence of tuberculous infection still further 
is problematic, but it would appear to be a reasonable presumption that 
the retrograde processes evident when Experiment 3 was terminated 
would have proceeded if the administration of the drug had been 
continued for an indefinite period. 

The data, while suggestiA-e that the drug had e.xerted a deleterious 
inffuence on the tubercle bacilli, are hardly sufficient to justify the 
conclusion that no vi.able tubercle bacilli remained in the tissues even 
in instances in which no lesions were found and in which splenic cul- 
tures were negative. To determine this point with certainty, it would 
be necessary to continue the experiment indefinitely after the period 
of treatment so as to permit the unhampered development of possible 
latent infections. However, the facts do indicate that 4,4'-diamino- 
diphenylsulfone, like several of its derivatives, is capable, in the highly 
susceptible guinea pig, of coping successfully with a progressive tuber- 
culous process already well established when treatment is started. 
E^^en if one assumes tliat not all the tubercle bacilli are rendered non- 
viable or destroyed, the treated animal in most instances is able, as a 
consequence of the drug, to bring to bear on the infective process an 
enhanced mechanism of resistance that succeeds at least in arresting 
the disease. This is obviously a highly desirable effect. 

The ideal tuberculotherapeutic drug should destroy or inactivate all 
tubercle bacilli, but it is doubtful if such a goal need be attained. 
While such a result might be necessary actually to “cure” the disease 
in the guinea pig, it is generally agreed that this is not necessary in 
human tuberculosis. Even such successful therapeutic measures as 
collapse therapy merely render aid to the natural defenses of the 
human host, without directly or necessarily contributing to the exter- 
mination of the tubercle bacilli. It does not seem logical that one 
should insist that a drug possess powerful bactericidal properties 
before one considers it for human administration, if bacteriostatic 
properties would suffice to attain the objectives of treatment.* 

* Some pertinent considerations of clinical tuberculochemotlierapy have been dis- 
cussed previously.® 
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Summary and Conclusions. To determine the effect of 4,4'-diamino- 
diplienylsulfone on the expected course of experimental tuberculosis in 
guinea pigs, 3 experiments were done. In 2 of the experiments the 
administration of the drug was started 2 days before the infective 
agent was introduced and the experiments terminated 60 daj's after 
infection, in the 3rd experiment the animals were inoculated with 
tubercle bacilli 6 weeks before treatment was started. The 3rd ex- 
periment was terminated 228 days after infection. All animals were 
inoculated with the virulent variant of H37 (H37RV). The daily dose 
of the drug was approximately 150 mg. incorporated with the feed. 
In the dose employed, the drug exerted only a moderate toxic effect 
on the blood. Favorable effects of the drug on the infection were 
definitely apparent in the 2 exjieriments that were terminated 60 days 
after infection. These effects were more complete and conyincing in 
the experiment that continued for 228 days than in the short-term 
ex-periments. In the long-term experiment, although 71.4% of the 
untreated animals had died, in the treated group only 28.6% of the 
animals had died at the conclusion of the experiment. Great differ- 
ences occurred also in the character and amount of tuberculosis in the 
treated and untreated groups of animals, those that recei^md the drug 
either being without demonstrable lesions or having residual foci in 
which the process ■was arrested, calcified or healed. 

Under the conditions of the experiments, the results indicate (1) 
that 4,4'-diaminodiphenylsulfone is an effective agent in inhibiting or 
in combating experimental tuberculosis of guinea pigs; (2) that con- 
tinuous prolonged administration yields cumulative benefits not at- 
tained in short-term experiments; (3) that the drug is not excessively 
toxic for guinea pigs in the dose used; and (4) that efforts to modify 
4,4'-diaminodiphenylsulfone to obtain a compound more suitable for 
clinical application should be encouraged, since the possibilities seem 
many. 
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experimental human influenza* 


By THE PERSONNELf OF NaVAL LAliORATOJlY ]IeSEARCH UnIT No. 1 

BEIIKELEY, CALIF. 


The experimental production of influenza in human volunteers has 
great rvalue in^ testing methods of prevention and treatment ivliicli 
show promise in the laboratory. Relatively small groups of healthy 
volunteers, well controlled, offer unusual opportunities for the evalua- 
tion of new prophylactic and tlierajjeutic methods. Smorodintself*® 
et al. inoculated 72 volunteers by inhalation with a 10% suspension 
of mouse lungs infected with the Leningrad or the W.S. strain of virus. 
Each volunteer inlialed a calculated 10^ to 10'^ minimum lethal mouse 
doses of virus during exposures of from 15 to 60 minutes. Twentj’’ per 
cent of inoculated individuals showed symptoms diagnostic of influenza. 
A definite correlation was found between the initial protective titer 
of the blood and susceptibility to experimental infection, all eases 
showing clinical symptoms having low initial titers. Increases in 
neutralizing titers after exposure were noted in most of the volunteers, 
especially in those showing clinical symptoms following the inhalations. 

Burnet and LuslP inoculated approximately 150 individuals by intra- 
nasal spraying of an egg passage strain of hlelbourne virus avirulent 
for ferrets and mice. No symptoms were observed in exposed sub- 
jects and little or no antibody production was demonstrable in a 
sample group tested. 

Chaikina,® in experiments on the immunization of volunteers by 
inhalation of active virus, sprayed a total of 272 men with varying 
concentrations and doses of mouse lung virus. Definite antibody 
responses were observed following such exposure and, by controlling 
the quantity of virus inhaled, undesirable symptoms could be pre- 
vented. Of a group subjected to the highest concentration for 30 to 
45 minutes, 20% developed symptoms diagnostie of influenza. 

Burnet and Foley® subjected 15 individuals to repeated insufflations 
of several viruses, beginning with an avirulent egg-adapted Melbourne 
strain and concluding with a recently isolated virus. Three of the 
subjects, all of whom had low initial titers, developed definite symp- 
toms of influenza. The authors emphasize the correlation^ between 
low initial antibody level and susceptibility to e^erimental infection. 

Francis^ inoculated 11 human subjects by intranasal instillation 
with approximately 500 minimum lethal mouse doses of virus. Only 


* The opinions advanced in this publication are those of the writers and do not 
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1 of the subjects showed a definite antibody rise subsequent to the 
inoculation while none exhibited significant symptoms of influenza. 

Henle, Henle and Stokes/® employing a strain of virus (F-99) 
recently isolated from a fatal case, were able to produce influenzal 
sjunptoms with temperatures over 100° F. in 10 out of 28 control 
subjects, and in 1 out of 27 vaccinated subjects. Serologic tests 
confirmed the obser\'ation of Burnet and Fole.y on the relationship 
between initial antibody titer and susceptibility to the experimental 
infection. It was pointed out that individuals with high initial titers 
subjected to inhalation of the virus did not respond with a significant 
increase in antibody as did man.y of the high titer subjects who were 
vaccinated intramuscularlJ^ 

It was our original intention to study the efficacy of immune serum 
administered by inlialation in the prophylaxis and treatment of experi- 
mental human influenza. The whole-hearted cooperation of the offi- 
cials and several hundred inmates of a California state penal institu- 
tion was obtained and the preliminary work on optimum infectious 
dose begun. The project was terminated in this early stage (March, 
1943) on orders from the Navy Department, Bur. of Med. and Surg. 
However, the preliminary data obtained were considered to be of some 
interest and it is the purpose of this paper to present the methods 
used and results obtained. 

Methods. Examinaiion of Volunteers. All volunteers for the experiment 
were health)’- adult males who were subjected to a thorough allergj’ history 
questionnaire, skin and conjunctival teste to determine sensitivity to normal 
horse serum, and a physical examination of the nose, throat, and chest. The 
questionnaire and allergy tests w’ere conducted in anticipation of the use of 
the influenzal immune horse serum concentrate. Blood samples were taken 
by venepuncture at the time of examination, and after clotting the serum was 
separated by centrifugation, inactivated at 56° C. for 30 minutes, and stored 
at 4° C. until tested. 

Serology. Pre- and postinhalation (2 week interval) serum titers were 
determined by a red blood cell agglutination inliibition test’® utilizing human 
red cells with a constant (1 ; 100) dilution of serum titrated against increasing 
dilutions of agglutinating virus. Titers are expressed in terms of the fold 
difference in end-point of agglutination between the test sample and a nor- 
mal rabbit serum (1 : 100 dilution) control series. For example, if a test serum 
has its end-point of agglutination in the tube containing a 1:80 dilution of 
virus and the normal rabbit serum titer of the virus is 1 '.2560, the fold differ- 
ence, or titer, is regarded as 32. 

Spraying of the Virus. For the purpose of administering active virus by 
inhalation we employed glass atomizers of the type described in a separate 
publication.’® One of these atomizers was connected at each end of a metal 
cylinder, 5 feet long and 7 inches in diameter, -with 3 openings on each side 
to which rubber anesthetic masks were attached with flexible rubber tubing 
(Fig. 1). The outlet valve of the masks allowed escape of some virus fog into 
the air of the room, but the dilution factor of the air and other precautions 
taken (see below) minimized the chances of infection of attending personnel. 
Air at a pressure of 40 cm. Hg was supplied to the atomizers from an electri- 
cally driven air compressor. Equilibrium conditions for ^drus concentration 
within the chamber were obtained by preliminary atomization for 5 minutes, 
during which time one outlet functioned through cotton soaked in 5% lysol. 

By previous calibration of the atomizers'® as to air and fluid deliverj’ it 
was possible to compute the concentration of wrus in the air inspired by the 
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men. Upon completion of the preliminary period of atomization, the air 
pressure was discontinued momentaril}' and the connecting tubes immediately 
attached to the rnasks on the test subjects. The pressure was again raised 
to 4U cm. Hg and held until the period of exposure was completed. After 
removal of the masks the subjects were then hospitalized for at least 5 da^'s 
either in a small isolated ward room containing 6 beds or in individual isolated 
cubicles containing 1 bed. The 1 door to the ward was protected by a curtain 
of ultraviolet light and the room was maintained in a constant atmosphere 
of propylene glycol dispensed by immersion of an electric light bulb in the 
solution.” The concentration was held at approximately 0.1 mg. propylene 
glycol per 1000 cc. of air. Similar precautions were taken in the corridor 
adjacent to the individual rooms housing test subjects and in the room in 
which the virus sprajung ivas conducted. The insides of the masks were 
swabbed with 70% alcohol between test groups. 



Fig. 1. — Method of administration of influenza \drus to volunteers. 


Experimental. The preliminary publication by Stokes and Henle-^ 
on the successful mild infection of humans with a recently isolated 
“k” type strain of influenza virus (F-99) suggested the possible use 
of this same infectious agent for our experimental purposes. Dr. Stokes 
kindly supplied this laboratory with an F-99 infected mouse lung in 
glycerin. This virus was passed through 4 series of eggs by allantoic 
inoculation and the final product obtained gave a 50 % mortality end- 
point of 1 X 10-« ® and a red blood cell agglutination end-point of 
1:640. This virus suspension, after testing for bacterial sterility, 
was stored in sterile lusteroid tubes in the dry-ice chamber until ready 
for use, at which time it was thawed in warm water until clear and 
then atomized into the chamber for the period scheduled. It was 
calculated that if the average subject breathed at the rate of 12 liters 
per minute, approximately 0.3 cc. of the virus was inhaled per minute. 
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The proportion exhaled is an unknown, although it has been estimated 
by Heubner^i to be between 50 and 80% of the quantity inhaled. 

Six groups of 6 men each were successively sprayed with this fluid, 
the exposure periods being increased on each succeeding group until 
1-, 3-, 6- and 12-minute exposures had been attempted. No signifi- 
cant symptoms were observed in any of the 24 test subjects. Blood 
counts showed no significant changes. Pre- and postinhalation titers 
against F-99 egg agglutination virus were determined by the red blood 
cell agglutination inhibition method. Only 4 individuals out of the 
24 showed a four-fold or greater antibody titer rise. 

During the period of investigation of the infectivity of the r-99 
virus, a number of cases of suspected influenza appeared in a Naval 
training station in this area. Rhinopharyngeal washings were ob- 
tained from 5 patients exhibiting sjTOptoms of influenza.^® In each 
case 20 to 25 cc. of nutrient broth, pH 7.1, were injected into the 
rhinopharynx through a rubber catheter. Tlie subject was instructed 
not to swallow the broth but to eject it through the mouth into an 
emesis basin. The washings were then transferred to a sterile lusteroid 
tube and immediately stored in a dry-ice chamber. 

Various methods for the isolation of influenza A'irus from such 
material have undergone trial in numerous research laboratories since 
the original isolation of the virus in the ferret by Smith, Andrewes and 
Laidlaw.i® While the ferret has proved of great value in the study 
of influenza epidemics, mice, tissue culture media, and the chorio- 
allantoic membrane of the chick embryo also have been advocated 
for primary virus isolation.®-®’^® Taylor and his associates have re- 
ported that hamsters compare favorabl}’^ with ferrets for direct isola- 
tion from nasopharyngeal washings."’®^"® Burnet®’Mias successfully 
applied the amniotic inoculation of chick embryos, pioneered by Bud- 
dingh and Polk^ in their study of meningococcal infections. He claims 
that unadapted influenzal virus is capable not only of infecting the 
chick embryo, but of producing easily recognizable effects in the 
embryo as well. The use of chick embryos for rapid isolation and 
identification of virus received a great stimulus from the work of 
Hirst'® on the hemagglutinability of virus-containing allantoic fluid. 
The application of this phenomenon has measurably reduced the time 
required for isolation and identification of influenza strains. 

The procedure employed on the 5 rhinopharyngeal washings ob- 
tained from Naval personnel was as follows: An attempt was first 
made to break up the clumps of mucous material in the thawed sample 
by repeatedly filling and emptying the washings through a 30 cc. 
sjTinge fitted with a 20 gauge or 23 gauge needle. The sample was 
then angle-centrifuged at 5000 r.p.ra. for 20 minutes and subsequently 
0.1 to 0.2 cc. of the supernatant fluid was inoculated into the amniotic 
sac of each of eight 13-day old embryos, according to the technique de- 
scribed by Taylor and Chialvo.®* Following 36 to 40 hours incubation 
at 37 “ C. blood-free allantoic fluid from each of the live embryos, and a 
few dead embryos, was collected and a 10% saline suspension of the 
pooled, ground tracheas was prepared. Alundum and the larger tissue 
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particles of the traeheal suspension were removed by low-speed cen- 
trifugation. The allantoic fluid from each embryo and the tracheal 
suspension were then tested for the presence of "hemagglutinins. If 
these proved negative, _ 0.1 to 0.2 cc. of the tracheal fluid was reinocu- 
lated into the amniotic sac of each of 8 embryos and the described 
procedure repeated. 

_ Of the 5 rhinopharyngeal washings tested, 2 showed the presence of 
virus in the first egg passage, and the remaining 3 were positive by 
the third egg passage. Inhibition tests of each virus against PR8 and 
Lee rabbit-immune sera indicated all 5 to be “A” type. There ap- 
peared definite variation in the adajitability of the viruses for mice, 
2 of the strains requiring but 1 egg passage to become lethal for mice 
while the remaining 3 required up to 7 passages to attain this degree 
of virulence. 

Attempts to isolate virus from these same washings by means of 
hamsters, according to the technique of Taylory® or by direct inocula- 
tion into mice, proved entirely negative. 

One of the viruses appearing in the first egg passage was inoculated 
into a group of mice, from which 2 further egg passages into the allan- 
toic fluid of 11 daj" old embryos ivere made. This final egg passage 
furnished the virus used for infection of the next series of volunteers. ■ 
It had an agglutination end-point of 1 ; 1280 , which was inhibited by a 
PR8 immune rabbit serum, but not by a Lee immune serum. The 
same technique of human inoculation was employed with this virus 
and 3 exposure periods were tested as follows: 6 men for 6, minutes, 

5 men for 10 minutes, and 6 men for 12 minutes. These subjects 
were likewise hospitalized and blood counts performed on the 1st, 3rd 
and 5th day in some and every day in others by inmate personnel. 
Temperature readings were taken at least twice a day. 

Of these 17 volunteers, 10 showed signs and symptoms of influenza. 
Of the 10, 4 were regarded as tjqjical clinical influenza and 6 as 
highly suggestive of this disease. Table 1 summarizes the occurrence 
of the various signs and symptoms in these 10 cases. 

Table 1.— Summaby of Occubbencb of Various Signs and Symptoms in 
10 Volunteers Showing Signs of Influenza 

Symptom 

Fever over 100° F. 

Feeling of feverishness 
Malaise .... 

Headache 
Backache 
Generalized ache 
Tightness in chest . 

The 3 men who reported feeling feverish, but who are not included in 
those showing a temperature over 100° F., very likelj’’ Avould have 
shown a significant temperature had the readings been taken at the 
proper time. It was believed that the peaks had been missed in these 
cases, although the transitory nature of the temperature rises indicated 
only a mild reaction. 


No. of volunteers 
showing symptom 

. . 7 

. . 10 

. . 10 

. . 9 

. . 0 

. . 5 
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The onset of the fever and symptoms occurred 9 to 12 hours follow- 
ing exposure in 3 of the subjects, and between 24 and 30 hours in the 
remaining 7. No signs of upper respiratory infection were observed 
in any of the patients, nor were any indications of lung involvement 
noted. The blood counts showed no significant changes, but there is 
reason to believe that the blood counts undertaken by inmate person- 
nel were not entirely reliable. Henle, Henle and Stokes^® noted a 
significant leukopenia (below 5000) and a relative lymphocytosis in a 
considerable proportion of their subjects, in those showing no out- 
ward signs of infection as well as in the outright cases. It was our 
intention to follow this aspect of the experiment more closely and per- 
form the counts ourselves had it been possible to continue our experi- 
ments. We had the distinct impression that the leukopenia accom- 
panying naturally occurring influenza was an inconstant finding and 
of doubtful value in diagnosis.^® 

A summary report of 1 of the 4 definite cases resulting from the 
inhalation of the virus follows: 



Fig. 2. — Temperature chart on “R. C." exposed to influenza \drus 6 minutes. 

Case Studies. “E,. C.” — preliminary jjhj'sical exmination was negative. 
Subject was exposed 3/9/43 to a spray of TI 2A influenza Arus for 10 minutes 
and then hospitalized. About 9 hours after the inhalation period he felt feverish 
and developed general malaise. This was followed shortly by headache, back- 
ache, aching legs, and a sense of "tightness and burning” in the chest. The 
temperature rose to 102.4° F. and remained elevated about 36 hours. Upon 
physical examination the facies appeared flushed and drj" with mild con- 
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^Dctival ijijectioji. The lungs vere clear. The spine was moderately stiff, 
ine aches and pains, malaise and headache persisted for 48 liours and ivere 
followed by general weakness for 48 hour.s. Daily blood counts showed no 
sigmhcant changes. The temperature chart on thi.s case is presented in Figure 2. 


Approximately 48 liours alter inhalation of the virus, rhinopharyn- 
geal washings were obtained from this subject and the technique for 
the isolation of \'irus followed as described. By the 6th egg passage 
a positi\'e agglutinating virus appeared which was inhibited by a PR8 
immune rabbit serum while unaffected by a Lee, immune serum. 

Resulte of the agglutination inhibition tests on all 17 men against 
the specific TI virus are presented in Table 2. 


Subject 

Table 2. — Result? 

Time of 

OF Agglutixatiox LvniBinON' Tests 

Treinhala- Postinhala- 

Fold rise 

e.xposuro (min.) 

Symptoms 

tioii titer 

tion titer 

in titer 

E. S. 

... 0 

.Suggestive 

4 

S 

2 

E. F. 

. . . 0 

Suggestive 

0 

8 

8 

AV. .S. 

. . . C 

.Suggestive 

0 

8 

8 

N. AA'. 

. . . 0 

.Suggestive 

4 

8 

2 

AV. F. 

. . . G 

Suggestive 

10 

10 

0 

J. C. 

. . . C 

Definite 

0 

128 

128 

R. C. 

. . . 10 

Definite 

0 

.32 

32 

.1. L. 

. . . 10 

Definite 

0 

4 

4 

E. A. G. 

. . 10 

None 

S 

32 

4 

C.E. 

. . . 10 

None 

S 

M 

8 

E. H. 

. . . 10 

None 

2 

8 

4 

R. D. 

. . . 12 

Definite 

0 

2 

2 

F. G. 

. . , 12 

Suggc-stivc 

0 

04 

04 

N. M. 

. . . 12 

None 

0 

8 

8 

L. T. 

. . , 12 

None 

0 

32 

32 

E. G. 

. . , 12 

None 

0 

4 

4 

G. B. 

. . , 12 

None 

8 

32 

4 


All 4 subjects wlio were classed as definite cases showed no antibody 
titer in the initial serum sample as tested by the method used in this 
laboratory. Two of these (.J. C. and R. C.) exhibited strong anti- 
body response following the inhalation of Aurus, Avliile the other 2 
(R. D. and J. L.) responded witli only two- and four-fold rises respec- 
tively. The remaining test subjects did not show a definite correlation 
between the preinhalation antibody level and susceptibilitj’’ to the 
experimental infection. The one showing the highest initial titer in 
the group (W. F.) was classed as suggestible and did not respond with 
any increase in antibody. On the average, the increases in antibody 
titers were greater in those individuals showing no original titer. 

Discussion. The successful isolation of the 5 strains of virus from 
as many rliinopharjmgeal washings by the use of the egg technique 
indicates to'iis the value of this medixun. When combined bvith the 
hemagglutination phenomenon it presents a rapid and simple method 
of virus identification. In some cases bacterial contaminants Avill 
present difficulties necessitating the use of a filter, bvliicli no doubt 
removes considerable virus as well as bacteria, but at present no other 
certain method is available. HirsR* has recently discussed these 

^ The failure to produce clinically recognizable infection with the F-99 
strain of autos, even with doses seAmral times that employed by Henle, 
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Henle and Stokes, may possibly be due to the extra egg passages 
through which this virus was carried before inoculation of our test 
subjects. The mouse lethal titer of the suspension used compared 
favorably with the titer reported in their successful experiment, but, 
of course, such measurements are no guarantee of infectiousness for 
humans. It is not easily understandable, however, why a virus infec- 
tive for man after having been passed 16 times in experimental animals 
and 3 times in eggs should, after but 4 more egg passages, be so innocu- 
ous. It may be that virulence alterations of influenza viruses take 
place in sudden steps rather than by gradual decline. If such is actu- 
ally the case, a few passages from human to human under proper 
conditions might bring about the reverse transition, thereby fulfilling 
the primary requirement for development of a severe epidemic. The 
possibility of such an occurrence makes one hesitate before advocating 
immunization of humans by means of attenuated virus administered 
by inhalation. 

Clinical experiments on infection of human volunteers with influenza 
virus, when precautions of isolation are taken, do not seem to consti- 
tute a hazard either to the test subjects or to other individuals in the 
vicinity. The usual report from human experiments thus far per- 
formed is: “No complications encountered.” 

Our results with the inoculation of 17 men with a recently isolated 
“A” type virus, TI 2A, would seem to emphasize the tremendous 
individual variation encountered, not necessarily related to blood anti- 
body level. Among the 10 subjects who showed no preinhalation titer 
in our test group, the inhalation of virus caused definite symptoms in 
4, suggestive symptoms in 3, and no clinical reaction at all in the 
remaining 3. Only 1 of the total of 17 did not respond with any anti- 
body rise and, significantly, he had the highest initial titer. 

Questions concerning immunity to influenza seem to be answered 
only partially by data on neutralizing content of the blood or nasal 
secretions. The part played by the tissue involved in the virus-host 
reaction is as yet vague and difficult to assess. 

Summary. Twenty-four human volunteers exposed to a fine spray 
of F-99 egg virus from 1 to 12 minutes showed no clinical sjmptoms 
of influenza. 

Five “A” type strains of virus were isolated from 5 suspected cases 
of influenza by means of direct egg inoculation. Methods using ham- 
sters and mice for direct isolation proved negative on the same samples. 

One of these strains, TI 2A, was used for infection of a second series 
of volunteers in preliminary work on optimum infectious dose. Of 
17 subjects exposed from 6 to 12 minutes, 4 exliibited definite symp- 
toms of influenza, 6 were highly suggestive, while the remainder 
showed no significant reactions. The blood counts, as reported to us, 
revealed no changes. No complications were encountered. 

The 4 definite cases all had low initial antibody titers. All but 1 
of the 17 test subjects showed some antibody rise as a result of the 
inhalation. The exception had the highest initial antibodj^ titer of the 
group. 

- VOL. 207 , NO. 3 — MARCH, 1944 
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An “A" type virus was isolated from one of the definite eases. No 
other attempts at isolation were made in this group. 

■\Ve acknowledge with pleasure tire helpful cooperation of Mr. Clinton T. Duffy, 
Uar^n of San Quentin Prison, Dr. Alex Miller, Chief Surgeon, and the members of 
the California State Prison Board. AVe also wish to expre.ss appreciation for tlie 
technical assistance rendered by Mr. James AY. Ford. 
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A NOTE RECOMMENDING THE USE OF DRIED PLASMA OBTAINED 
FROM FRESH CADAVER BLOOD* 

By Loaa’^ell A. Erf, M.D. 

assistant director, blood transfusion-plasma unit 

PHILADELPHIA, PA. 

(From the Cardeza Foundation of the Jefferson Medical College and Hospital) 

Because of the urgent and immediate Avartime need of large amounts 
of plasma, it was suggested in a previous paper,i and indirectly in 
another,^ that cadai' er blood be processed into dried plasma or, prefer- 
ably, into dried albumin (since albumin is the effective anti-shock 

* As the chief objection to the use of suitably collected postmortem blood seems 
to be one of sentiment, we are glad to publish this note recommending the procedure. 
Especially today, when so much effort and expenditure of valuable working hours arc 
being put into’ Blood Donation, it would seem that this method, granted of course 
that the product was sterile and innocuous, might well prove to bo a desirable auxiliary 
or substitute. — Editor. 
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fraction and is precipitated from plasma by the aid of alcohol-water 
mixtures), because it is available in large quantities at the under- 
taking establishments of the United States and, of course, can be 
obtained without initial expense.- Unfortunately, the use of cadaver 
blood is looked upon with some disrepute in this country there is 
“something revolting to Anglo-Saxon susceptibilities in the proposal 
of using cadaver blood,”® but this feeling has been overcome in other 
countries such as Russia.®”® It can be pointed out that no one objects 
to receiving products of dead animals, such as liver extract, insulin, 
gelatin, isinglass (fish bladders), hormones, enzj'^mes, and so forth, or 
to the transplantation of cornese, nerves and, I am told, even of skin 
of cadavers; and that the blood of cadavers can, if transfused, “live 
on” and, therefore, would not be subjected to decomposition with the 
cadaver. In spite of the existence of this stigma, permission was 
obtained from the hospital authorities to administer the plasma of 
a recently deceased cadaver to a patient with a malignant disease. 
The dried plasma was restored to one-fourth its original fluid volume, 
injected, and the changes observed. Such a procedure apparently has 
not been recorded before. 

Technique. Through the cooperation of Oliver H. Bair Company, a 
Philadelphia undertaker a cadaver was obtained. The individual had died 
suddenly of “heart disease” some 8 hours previous to the withdrawal of 
blood. The usual undertakers’ type of artery and vein cannulse were thor- 
oughly washed, sterilized and aseptically inserted into the brachial artery and 
vein, as requested by the undertakers. (Yudin® has shown that the easiest 
way to obtain blood from a cadaver is to cut the jugular vein in two and to 
insert a glass U-shaped cannula into the vein above the cut and a long glass 
cannula, which reaches to the right auricle, into the vein below the cut. The 
cadaver is placed in the Trendelenburg position, and the blood flows out by 
gravity. Blood is collected from the systemic veins thereby and not from 
the portal system, the blood from which could be contaminated easily with 
bacteria from the gastro-intestinal tract. Yudin collects from 1.5 to occa- 
sionally as much as 4 liters of blood per cadaver by this method. He recom- 
mends that the individual be dead no longer than 8 hours.) Five pints of 
sterile saline was forced into the arterial system with a sterilized rubber bulb 
pump, and 4 pints of cadaver blood mixed with saline were obtained by the 
“closed” system. The vein cannula was connected by rubber tubing to a 
sterile needle which was inserted into transfusion bottles (Hospital Liquids 
Incorporated) in which a partial vacuum exists. The 4 bottles were centri- 
fuged. The 1st and 3rd bottles containing sodium citrate had total A^olumes of 
510 and 575 cc. and 160 and 70 cc. of packed red blood cells respectively; 
the 2nd and 4th bottles, which contained no citrate (evidences of clotting 
were noted 4 to 6 hours after withdrawal), had total volumes of 500 and 
600 cc. and 40 and 25 cc. of packed red blood cells respectively. The plasma 
of the 1st and 3rd bottles was combined, cultured, frozen in glass ampoules, 
dried by the Adtevac process® and recultured after being dried ; the serum of 
the 2nd and 4th bottles was treated likewise: 30.5 gm. of dried plasma and 
14 gm. of dried serum were obtained. 

The plasma and serum were restored to one-fourth of their original volumes 
with distilled water® and administered intravenously to a patient with a 
teratoma (but who was in “good” physical health). Both plasma and serum 
were given after a lapse of more than 10 days to note if antibodies might have 
developed. The patient finally succumbed on December 1, some 6 or 7 weeks 
after the last administration of cadaver plasma. The microscopic examination 
of the organs revealed no changes that might be ascribed to the use of cadaver 
plasma. 
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R^ults. The serologic and cultural studies were negative. As can 
be observed in Table 1, the dried cadaver plasma and serum seemed 
to have similar effects as did the dried donor plasma. No reactions, 
febrile, anaphylactoid, urticarial, hemolytic or antigenic, were noted 
in the patient. 


Table 1. Tii e Blo6d Phesscbe, Hematocrit and Pi.abma Protein Levels Before 
AND After the Intravenous Administration op 4 Times Concentrated Plasma 
OP Both Do.nor and Cadaver Origin to a Patient Over a 25 Day Period 


Amount in- 
jccted (eras. 

_ Type of plasma plasma in Blood 

•Oate or serum c.c. aq. dist.) pressure 

9-17-43 Donor plasma Sgm.in40cc. 124/68 

15 minutes after administration 132/80 

9-18-43 Cadaver plasma Sgm.in40cc. 122/82 

15 minutes after administration 132/85 

9-20-43 Cadaver serum 8gm.in40cc. 120/68 

15 minutes after administration 110/75 

9-29-43 Cadaver plasma 8gm.in40cc. 102/64 

15 minutes after administration 115/70 


10- 6-43 Cadaver serum 1 gm. in 4 cc. 

10-12-43 Cadaver plasma 8 gm. in 40 cc. 120/65 

15 minutes after administration 124/70 


Hematocrit 

33 

31 


32 

31 


34 

30 


32 

32 


31 

29 


PJasma 
protein 
(falling drop 
method) 

6.53 

6.19 

6.6 

6.9? 

6.6 

6,2 

7.2 

7.0 


7.1 

6.7 


Coaclusions. The collection, preparation and administration of 
dried plasma from cadaver blood is a practical procedure and is 
recommended during our present wartime emergency. After the war, 
the commercial houses could probably supply the nation’s albumin or 
plasma needs from cadaver blood. Recommendations could easily 
be made for the selection of cadavers (cause of death, time of death, 
etc.) and for techniques of collecting and appropriately processing 
(into dried plasma or probably preferably, dried albumin) cadaver 
blood obtained at mortuaries or hospitals. The use of products of 
cadaver blood should be reconsidered by the medical profession of the 
United States and Great Britain. 
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ELECTROCARDIOGRAPHIC PATTERNS IN CARDIOVASCULAR 

SYPHILIS* 

By Seysiour L. Cole, M.D.f 

AND 

Anne Bohning, M.D. 

CHICAGO, IT.L. 

(From the Cardiovascular Department, Michael Reese HospitalJ) 

The pathology and pathogenesis of cardioA’ascnlar syphilis are more 
completely understood today than when Lancisii-® first showed that 
the aneurysms observed by Pare®’ were the result of the disease.®’’®-®® 
Apparently the spirochetes establish a bridgehead in the wall of the 
aorta, invade the aortic wall, and weaken it until dilatation or aneurj^sm 
results. There also may be a downward infiltration involving the 
aortic ■^’^alve, causing ring dilatation and valvular deformity leading 
to aortic regurgitation. Because the sinuses of ^''alsalva are favorite 
locations for the syphilitic involvement, the mouths of the coronary 
arteries are often encroached upon and occasionally are completely 
obliterated by the syphilitic process. Secondary to the coronary 
ostial involvement, there is often interference with the blood supply 
of the heart which leads to damage to the myocardium ranging from 
mild fibrosis to infarction. This, and more particularly the aortic 
regurgitation, often lead to cardiac hj'pertrophy. 

Previous authors are in accord that the electrocardiogram is un- 
changed in early cardiovascular syphilis,’ but in the later 
stages when the coronary ostia and the aortic valves are involved, 
electrocardiographic abnormalities are encountered. Most of the 
reports’ '®’’®’’'‘’’®’’®’®®’®’’’®® have consisted of a description of the deviations 
of the various individual components, especially QBS and T, although 
instances of A-V’’’®’’^’®®’®’^ and intraventricular block’ '®’’®’’‘‘’®®'®’’ have been 
noted. When left ventricular preponderance was diagnosed it was 
commonly done so on the basis of left axis deviation alone,” •”’®’’®'’ 
abnormalities of the S-T-T component being attributed to coronary 
insufficiency.®® Stressing the significance of S-T-T changes in left 
heart strain, Barnes and Wiitten’ included 8 examples of left ventricu- 
lar preponderance due to cardiovascular syphilis in tlieir illustrative 
cases. Ashman and Hull® also noted tlie presence of S-T-T- changes in 
left ventricular hypertrophy due to syphilitic aortic regurgitation. 

Only a few correlations of electrocardiographic changes with post- 
mortem findings have been reported.®’’®-®®’®® It is the purpose of this 
paper to analyze the electrocardiograms in autopsied cases of cardio- 
vascular syphilis in terms of special patterns which have recently 
been observed to occur under specific circumstances.® ’®®’®'‘ The anal- 
ysis is based on a series of 30 consecutive necropsied cases. Such a 

* Aided by the A. D. Nast Fund for Cardiovascular Research. 

t This is an abridgment of a thesis submitted by Dr. Cole to the Faculty of the 
Graduate School of Medicine of the University of Pennsylvania toward the requirements 
for the degree of Master of Medical Science (M.Sc.[Med.]) for graduate work in internal 
medicine. 

t The department is in part supported by the Michael Reese Research Foundation. 
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study might establish any electrocardiographic patterns or clian^es 
peculiar to syphilis and would delineate the respective role played by 
the individual syphilitic lesion as well as that of any other associated 
etiologic factor present. For this purpose, the cases were subdivided 
into 3 categories: (1) Cases in which syphilis was tlie sole factor 
leading to cardiac abnormalities responsible for the electrocardio- 
graphic changes (Table 1). (2) Cases in which the syphilitic anatomic 

abnormalities were combined with those of other etiologic factors to 
produce electrocardiographic changes (Table 2). (3) Cases in which 
syphilis Avas merely coincidental and the electrocardiographic changes 
were primarily ascribed to other non-syjjhilitic findings (Table 3). 

Tablk 4. — Summary of Anatomic and ELECTRoa^RDiooRAPiiic Findings 

Annt^niiV chanco? ElKtrocnrdlocraphic patterns 
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• Based on clinical evidence, 
t .\cutc diffuse pericarditis. 

The electrocardiograms of these cases are illustrated in Figures 1 to 3. 

The patterns upon which this stud\- Avas based are; (n) a nornial 
record and the normal A-ariants, left axis shift and right axis shift; 
(6) non-specific abnormalities including intraA-entricular block of the 
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various types, A.-Y lilock, auricular filirillation and other arrhythmias; 
and (c) he specific ahnormal patterns of preponderance and infarction. 
The criteria for these patterns have been described in detail else- 
where.3.’? -8 •21-3.2“ 
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Left ventricular preponderance pattern (first, second, mixed and 
concordant types) indicates strain on the left heart and is found in 
conditions causing hypertrophy of the left ventricle. The pattern of 
right ventricular preponderance indicates strain on the right heart 
and is found in conditions resulting in hypertrophy of the right ven- 
tricle. 

Anterior and posterior wall infarction patterns are associated with 
recent infarcts of the anterior-apical and posterior-basal regions of the 
left ventricle, respectively. 

The occurrence of the various patterns with a survey of the various 
etiologic factors in the individual cases is summarized in Table 4. 
Therein, sj^philitic coronary ostial stenosis was graded 1-f- when slight, 
2-f- when moderate, 3-t- when marked and 4-}- when complete. Hyper- 
tension was considered to be a contributory factor when the systolic 
pressure was over 150 mm. Hg, when the diastolic pressure was over 
100, and when there were present anatomic renal changes in the form 
of nephrosclerosis of the arteriolar variety, glomerulonephritis or 
pyelonephritis. When the aortic regurgitation was marked, a some- 
what lower le^'el of the diastolic pressure was not considered to be 
evidence against hypertension, if anatomic renal changes were found 
of a degree sufficient to lead to hypertension. Coronary sclerosis w'as 
considered to be a factor when some evidence of narrowing of the 
coronary arterial lumens was present. It was graded 1 -f when moder- 
ate sclerosis with some stenosis was present, 2-f when the stenosis 
was severe and 3-f when the occlusion was complete. 

Results. All 30 of the hearts and aortas in this series were found to 
be abnormal at postmortem. Twenty-nine of them were represented 
by abnormal electrocardiograms, of which 21 had specific patterns 
and 8 showed non-specific abnormalities. One electrocardiogram was 
normal. 

There were 9 instances of myocardial infarction. Three of them, 
located on the anterior or lateral walls of the left A^entricle, were 
represented by anterior wall patterns and a fourth anterior wall 
infarct by intraventricular block of indeterminate type.® One poste- 
rior wall infarct was represented by a posterior wall pattern, and one 
old posterior wall infarct shoAved left ventricular preponderance in 
the electrocardiogram; no chest leads had been taken in this case. 
One recent infarct of the septum shoAved A-V and intraventricular 
block. Finally, 2 infarcts of the lateral Avail occurred in which no 
electrocardiograms AA^ere taken after the episode. 

Of the 16 cases Avith sj^jhilitic coronary ostial involvement, 7 shoAved 
electrocardiographic patterns of left A’^entricular preponderance and 
autopsy evidence of hypertrophy of the left ventricle; 3 showed ante- 
rior Avail infarction patterns and infarcts AA’ere present at autopsy. 
One shoAved intraA’-entricular and A-V block associated AAuth an earl.A' 
septal infarct, 1 shoAved intraventricular block of the indeterminate 
S type, 3 had other non-specific abnormalities, and 1 showed a normal 
curve. 
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Aortic regurgitation was present in 19 cases. Tiie electrocardio- 
gram in 11 of these showed left ventricular preponderance and necropsy 
revealed left ventricular hypertrophy; 3, with myocardial infarcts, 
showed infarction patterns; 4 had non-specific abnormalities; and 1 was 
normal. 

There were 28 cases of cardiac hypertrophy. The criteria for 
hypertrophy were based on findings in excess of the I’alues given by 
S'aphir®^ for normal hearts. The standards for left ventricular hyper- 
trophy were heart weights in excess of 300 gm. and 250 gm. in the 
male and female, respectively, associated with left ventricular thick- 
ness of over 10 mm. The standard for right ventricular hypertrophy 
was a right ventricular thickness of over 3 mm. with similar heart 
weights. 

In 25 of the 28 cases of cardiac hypertrophy^ the left ventricle was 
involved, solely or predominantly. Left ventricular preponderance 
was present in the electrocardiograms of 14 of these cases, infarction 
patterns associated with infarcts were present in 3. Intraventricular 
block was present in 3, other non-specific abnormalities were found in 
4 and a normal electrocardiogram occurred in 1 of these. In 2 of the 
cases in which the left and right ventricles were both hypertrophied 
to an approximately equivalent extent, 1 was represented by a left 
and the other by a right ventricular preponderance. In 1 case of 
hypertrophy of only the right ventricle, the electrocardiogram revealed 
right ventricular preponderance. 

The chief concomitant factors encountered were coronary sclerosis, 
which was of sufficient degree in 12 cases to affect the electrocardio- 
gram, and hypertension, which was present in 10 of the cases. Mitral 
endocarditis (rheumatic), bronchiectasis, tuberculosis, emphysema, a 
stab wound of the heart, vitamin B deficiency ivere also encountered 
and found to influence the electrocardiogram. 

Discussion. The specific electrocardiographic patterns occurring 
most frequently in this series were left ventricular preponderance in 
15 cases, and anterior wall infarction in 3 cases. Two of the 3 anterior 
wall patterns were associated with recent infarction due to syphilitic 
coronary ostial stenosis alone (Cases 6 and 7). The 3rd (Case 17) 
was due to a combination of syphilitic and coronary sclerotic processes. 

The incidence of 9 myocardial infarctions in this series is high. A 
survey of the literature of the past 10 years revealed reports of only 
12 cases of anatomically demonstrated myocardial infarction due 
solely to sy^philitic coronary ostial stenosis”-^- and in none of them 
were electrocardiograms shown or described. In 3 of the cases in the 
present series (Cases 6, 7 and 8) the infarct was on a purely syphilitic 
basis; in 3 others (Cases 10, 15, 17) the infarct was due to syphilitic 
stenosis and eoronary sclerosis combined; and in the remaining 3 
(Cases 23, 26, 27) the infarct was due to coronary sclerosis alone. 

The frequency of coronary sclerosis complicating coronary ostial 
stenosis is one reason infarction attributable to syphilitic ostial en- 
croachment, alone, is relatively rare. This, howeimr, is not the sole 
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explanation. Usually encroachment of the coronary orifices by syph- 
ilis 'is such a gradual and slowly progressive process that the collateral 
circulation is able to keep pace with the occlusive mechanism. It is 
only in those cases in which this fails that infarcts develop. Appar- 
ently this latter circumstance is the more unusual in syphilis. In 
1 case a coronary embolus arising from the wall of a syphilitic aorta 
resulted in an anterior wall infarction pattern, the patient succumbing 
too soon, however, for the characteristic morphologic changes of 
infarction to appear at postmortem examination.®^ 

The second of the specific patterns frequently found, left ventricular 
preponderance, was present in 15 cases. There were 8 examples of 
the second type, 4 of the mixed and 3 of the concordant types. There 
were no instances of left preponderance of the first tj^pe in which axis 
deviation occurred without S-T-T abnormalities. Tin’s and the ab- 
sence of axis deviation in one-fifth of the cases emphasizes again the 
importance of the S-T-T changes in the recognition of the preponder- 
ance pattern. Syphilitic lesions, aortic regurgitation, and coronary 
ostial stenosis were responsible in whole or in part for the left -centricu- 
lar strain in 11 of the cases. 

Aortic regurgitation operates by increasing the work of the left 
ventricle. It causes dilatation and eventually hypertrophy of that 
chamber. Syphilitic coronary ostial stenosis*®’®'* has also been found to 
cause moderate hypertrophy, especially of the left ventricle, although 
usually not to the extent found in regurgitation. The two lesions 
were found to occur together so frequently that the role of each was 
difficult to ascertain. In Case 1, however, the hypertrophy of the left 
ventricle and the left ventricular preponderance could be attributed 
to syphilitic aortic regurgitation, per se. 

The frequency of the specific anterior wall infarction and left ven- 
tricular preponderance patterns is greatest among the cases in which 
syphilis was the sole etiologic factor (Table 4). In the cases in which 
sjqjhilis and other factors were combined, more non-typical patterns 
appear. Non-specific abnormalities occur with greatest frequency in 
the group of cases in which sjqDhilis was merely a coineidental finding 
as far as the electrocardiographic contour was concerned. 

Before the electrocardiogram in sjTphilitic cardio\’^ascular disease can 
be properly evaluated, the extent and effect of concomitant disease 
factors must be determined, since they may produee similar findings, 
and in some cases superimpose typical patterns of their own. Thus 
hypertension and arteriosclerosis*® •*®'®®’®‘’’®® which have been found to 
produce cardiac hypertrophy, caused the left ventricular preponder- 
ance patterns in Cases 20, 21, 22 and combined with syphilitic aortic 
regurgitation to produce them in Cases 9 to 14. Coronary'- sclerosis 
leading to posterior wall infarction dominated the electrocardiogram 
in Case 26 which had formerly shown a left ventricular preponderance 
pattern attributable in part to syphilitic aortic regurgitation. Mitral 
stenosis might have counteracted the tendencj'- of sj^philitic aortic 
regurgitation and coronary ostial stenosis to produce left preponder- 
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ance pattern in Case 18, and resulted in a right ventricular prepon- 
derance pattern in Case 25. ... , ' 

Of the various individual syphilitic lesions, it is apparent that 
syphilitic aortitis in itself does not affect the electrocardiogram. None 
of the 13 instances of aneurysm of the aorta and innominate arteries 
could be demonstrated to affect the electrocardiogram either because 
of situation or complication. There have been a few instances of 
complications of aneurysms recorded, however, such as an increase in 
the size and the. position of the aneurysm which caused a change in 
position of the heart Avith resultant axis deviation,^® an instance of 
aortic aneurysm rupturing into the pulmonary artery,®' or into the 
pericardial sac®® ghdng rise to a hemopericardium and an electrocardio- 
graphic pattern of acute diffuse pericarditis. 

The role of sj>philitic aortic regurgitation in the production of left 
ventricular preponderance patterns has been discussed aboA^e. 

Coronary ostial stenosis may produce the specific pattern of left 
Arentricular preponderance by leading to left A'entricular hj^ertrophy 
or it may cause myocardial fibrosis for which there is no specific pat- 
tern. As the specialized conducting tissues of tlie heart are depriA^ed 
of their blood supply by this occlusNe process, A-V and intraventricu- 
lar block appear. Thus in Case 5, the left ventricular preponderance 
due to aortic regurgitation and coronary ostial stenosis Avas later re- 
placed by intraventricular block A\dien the blood supply to the bundle 
branch system aa'rs affected. Mahaim®® recognized the relationship of 
syphilitic ostial occlusion to intraventricular block. It is possible, 
however, that massive increase in heart size AAoth the resulting rela- 
tive coronary insufficiency on occasion may lead in syphilis, as in 
other circumstances, to broadening of the QRS span.* 

When, in bilateral iuA'oh'ement of the coronary orifices, complete 
obliteration of the right coronary ostium Avas present, conduction 
defects appeared in Cases 5 and 8, AA'hile, Avhen the left coronary 
ostium Avas markedly narroAved, infarction of the anterior Avail type 
resulted (Cases 6 and 7). 

Diffuse syphilitic myocarditis and gummatous lesions Avere not 
encountered in this series. 

Summary and Conclusions. The electrocardiograms and postmortem 
findings of 30 cases of cardiovascular syphilis are presented and cor- 
related in each case. For this purpose the electrocardiographic trac- 
ings were dhdded into seA^eral specific patterns, the criteria for AA^hich 
have been established. 

All 30 of the hearts and aortas in this series Avere found to be abnor- 
mal at postmortem. In 8 the anatomic findings and resulting eleetro- 
cardiographic tracings were entirely on a syphilitic basis. In 11 other 
cases, syphilitic anatomic abnormalities Avere combined Avith those of 
other etiologic faetors to produce the electrocardiographic pattern. 
The^ remaining 1 1 cases manifested syphilitic lesions as coincidental 
findings; the electrocardiographic contours being ascribed to the non- 
sjTihilitic lesions. 
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Although no specific pattern Avas found to be pathognomonic of 
syphilitic cardiovascular disease, two specific patterns occurred fre- 
quently due in whole or in part to syphilis. There Avere 11 cases of 
left ventricular preponderance and 3 cases of anterior Avail infarction 
pattern. 

The frequency of left ventricular preponderance and anterior Avail 
infarction patterns Avas greatest in the cases having syphilis only, 
AAdiereas, non-specific electrocardiographic abnormalities appeared Avhen 
concomitant disease elements Avere present and non-typical patterns 
predominated vdien the latter were dominant. 

Uncomplicated syphilitic aortitis, per se, and uncomplicated aneu- 
rysms caused no electrocardiographic abnormalities. 

Aortic regurgitation produced left ventricular hypertrophy, reflected 
by Amrious types of left ventricular preponderance in the electrocar- 
diogram. 

Coronary ostial stenosis in some instances caused myocardial fibrosis 
AAdiich has no specific electrocardiographic pattern. Stenosis of the 
mouths of the coronary arteries Avas shoAvn to contribute to the for- 
mation of cardiac hypertrophy, especially of tlie left ventricle, resulting 
in left ventricular preponderance patterns electrocardiographically. 

When localized areas of the myocardium were deprived of their 
blood supply by coronary ostial encroachment, corresponding specific 
infarction patterns Avere present in the electrocardiogram. These Avere 
all of the anterior Avail type in our series. 

When the septum' and conducting system Avere similarly depriA^ed 
of their blood supply, the electrocardiogram shoAved A-V and intra- 
ventricular block. 

While the absence of electrocardiographic change does not rule out 
cardiovascular syphilis, most cases of far-advanced syphilis have 
abnormal electrocardiograms. 

The presence of the special patterns of left A’entricular jireponder- 
ance and anterior Avail infarction in cases of cardiovascular syphilis 
uncomplicated by other diseases is a good index, respectively, of 
hypertrophy of the left ventricle and myocardial infarction of syphilitic 
origin. 

AVe are grateful to Dr. O. Sapliir for permission to use his postmortem findings in 
these cases as the basis of tlie study; to Dr. R. Langendorf for his suggestions and criti- 
cisms and to Dr. L. N. Katz, under wliose guidance this work was done, for liis advice 
in carrying out the study. Some preliminary data was gathered for this studj' by 
Dr. Harold Engle before he left for service with the Army Air Forces. 

Addendum; — ^In a report appearing after this communication was in press, Evan 
Jones and D. Evan Bedford (Brit. Heart J., 5, 107, 194.3) cited 12 necropsied cases. All 
of them had aortic regurgitation and 10 had coronary ostial stenosis resulting from 
syphilis. The electrocardiograms in 10 were abnormal. However, the electrocardiograms 
were not shown and the detailed findings in the individual cases were not given. 
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THE PATHOLOGIC CHANGES IN' SULFADIAZINE INTOXICATION* 

By Erving F. Geever, Captain, M.C. 

DENVER, COLO. 

(From the Department of Pathologj-, Fitzsimons General Hospital) 

Numerous experimental and clinical reports indicated the great 
therapeutic value of the new sulfonamide drug, sulfadiazine, in various 
bacterial infections. Furthermore, early clinical trial showed a lower 


* No objection to publication as amended by War Department Bureau of Public 
Relations or Office of The Surgeon-General, Washington, D. C. 



332 geever: pathologic changes in sulfadiazine intoxication 

degree of toxicity for this preparation, elaborated by Roblin and his 
co-workers, than with other sulfonamide compounds. The need for 
such a drug led to its widespread use in military and civilian practice. 
With this extensi^'e application reports appeared in the literature of 
serious and sometimes fatal toxic effects. The majority of the clinical 
and pathologic studies stressed the urinary complications, particularly 
crystalluria and secondary mechanical renal trauma and blockage. 
Toxic damage to other organs or systems was recognized, also, but the 
incidence was much less and histopatholbgic examinations were infre- 
quent because most patients recovered. The purpose of this report is 
to present the pathologic findings in 3 fatal cases, treated with sulfa- 
diazine for streptococcic infections. In the first 2 patients severe 
organic damage was encountered ; the 3rd case is presented as a control 
to illustrate the normal tissue reactions to sulfadiazine. Complete 
autopsies were performed. 

Case Studies. Case 1. V. K., white male, age 28; streptococcic naso- 
pharyngitis, increasing toxemia, coma, cj'anosis, fever up to 10G.2° F., death 
on the 13th hospital day. This patient Avas admitted to hospital on Jan. 1, 
1943. He complained of generalized aches and pains and sore throat of 
1 Aveeks duration. Past personal history Avas negatiAn, except for pneumonia 
in 1932 AA’ith uneAnntful recoA'erJ^ Admission examination: temperature 
102° F., pulse 104, respiration 22 per minute. The mucosa of the nasopharynx 
AA'as hyperemic; the tonsils had been remoA-^ed. Both anterior cervical lymph 
node chains Avere moderately enlarged. The chest examination revealed only 
a few coarse rdles over the main bronchi. 

A throat specimen was taken for smear and culture and routine upper 
respiratory treatment AAns instituted. Sulfadiazme Avas administered Avith an 
initial dose of 3 gm. followed by 1 gm. every 4 hours. Other treatment 
included bed rest, fluids, gargles and codeine cough .sjTup. 

Laboratory Reports. Throat cultures positive for a non-hemolytic strepto- 
coccus on admission and on 2 subsequent examinations. Urinalysis negative 
on Jan 4 and 9, 1943. Blood: red cells 5,180,000, hemoglobin 16.7 gm., Avhite 
cells 7800 (68% polymorphs, 30% Ijmphocytes, 2% eosinophils). Chest 
Roentgen ray: on Jan. 10, 1943: “No infiltration in either lung field. There 
is slight eleA^ation of the right diaphragm.” 

Clinical Course. Within a feA\" days after admission the patient’s condition 
AA'as much improved and an uneA'^entful recovery AA'as expected. HoAA'ever, on 
Jan. 9, 1943 a generalized purpuric skin eruption appeared. Sulfadiazine 
AA^as stopped and fluids Avere forced. The 24 hour fluid intake on Januarj^ 8 
AA^as 3100 cc., the urinai-y output 1050 cc. The temperature at this time Avas 
102.6° F., pulse 102, respirations 23 per minute. A total of 45 gm. of sulfa- 
diazine had been giA^en up to the time of the emption. During the next 
36 hours the clinical course became stormy: the temperature rose to 106.2° F. ; 
severe dj'spnea, cyanosis, mental confusion and restlessness dcA’^eloped. 

Additional Laboratory Studies. Blood: free sulfadiazine level 5.7 mg. per 
100 cc.; AA'hite cell count 14,900 (93% polymorphs, 6% lymphocytes, 1 % baso- 
phils); non-prot. N, urea N and sugar normal. Icteric index 11. Urinalysis: 
negatwe. 


Legends fob Figs. 1 and 2. 

Fig. 1. — Spleen. Two Malpighian corpuscles are seen. The lymphocytes around 
the central arteriole are almost completely absent. Cellular debris, nuclear fragments 
and infiltrating polymorphonuclear leukocytes are apparent in this region. (200 X .) 

Fig. 2. — Liver. Marked fatty metamorphosis is observed and all parts of the lobule 
are affected. (60X.) 
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After consultation the sulfadiazine Avas resumed. It Avas lielieved that the 
mounting to.xemia Avas .secondaiy to the original upper respiratoiy infection 
rather than to sulfadiazine. The drug AA'as readministei’cd beginning on the 
afternoon of Januarj^ 10 in 1 gm. doses eveiy 4 hours; 14 gm. Avere taken. 
FiA'-e per cent glucose solution and blood plasma Avere given in 500 cc. doses 
on the same days. Oxygen Avas gix'en bj-- mask. The patient shoAved no 
response, lost consciousness and died on Jan. 13, 1943. 

Autopsy Abstract. (2 hours after death) : 

Gross. The bodj’’ Avas that of a AA'ell-deA’^eloped, Avell-nourished young 
adult male, AA-eighing 184 pounds and measuring 67 inches. The mucous 
membranes of the mouth Avere diy, crusted and extremely cyanotic. Numer- 
ous petechial and purpuric hemorrhages Avere present in the skin over the 
abdomen and loAA'er extremities. 

Lungs: The right Aveighed 435 gm., the left 480 {pn. Dark purple con- 
gestion and slightly decreased crepitation Avere found in the dependent parts 
of both organs. The cut surface of each lung oozed frothj^, bloody fluid; there 
Avas no consolidation. The bronchi contained a moderate amount of thick 
mucoid sputum. The blood-A^essels AA'ere intact. 

Liver: Weighed 2100 gm. The capsule aars smooth, thin and transparent. 
The underlying parenchyma appeared yelloAv to orange Avith irregular ])atchy 
purple congestion. The cut surface A\’as yelloAvish tan and contained faint 
purple patches. The Avascular and biliar}’’ bi’anches Avere normal. 

Spleen: Weighed 315 gm., Avas moderately enlarged and of noimal shape. 
The consistency Avas firm. The capsule Avas thin, jmrplish gray and Avrinkled. 
The cut surface appeared reddish purple, scraped Avith difficulty; the follicles 
Avere prominent. 

Kidneys: The right Aveighed 170 gm., the left 175 gm. The capsules Avere 
thin and stripped easily. The external surface Avas dark red. On section the 
cortex and pyramids appeared intact and reddish broAvn. No calculi Avere 
found in the peh’cs or ureters. 

Microscopic. (Formalin, paraffin, hematoxylin and eosin technique. 
Scharlach R stains AA'ere performed on frozen sections for fat.) 

Lungs: The ah’eolar Avails Avere markedlj' congested and edematous. Small 
focal areas of atelectasis AA'ith slight round cell and jiolymorph infilti'ation 
AA'ere apparent. There AA’as no pneumonia. Tlie vessels and bronchi Avere 
normal. 

Liver: ilarked fatt}’ metamorphosis Avas jiresent in the jiarenchj'mal cells. 
The fat AA’as distributed in the fonn of coarse or fine droplets AA’ithin the cell 
cj^toplasm; in cells Avith coarse droplets the nuclei Avere pushed to the side and 
frequently appeared pale and A’esicular. Some nuclei Avere enlarged, almost 
to giant proportions. The sinusoids AA'ere narroAved. Moderate hyperemia 
and polj’inorph infiltration Avere apparent in the jieriportal regions. 

Spleen: Striking focal necrosis of the Ij’mphoid cells AA’as present in the 
Malpighian corpuscles (Fig. 1). This destruction of lymphoid collars A’aried 
from partial to complete, Avith abundant basophilic cellular ddbris, hemor- 
rhages and occasional pol3’morphs in these areas. 

Lymph Nodes. Mesenteric: The Ijunphoid follicles throughout the node 
AA’ere markedlj’ necrotic; the changes AA’ere similar to the picture in the spleen. 
In these foci basophilic fibrinous ddbris, including pj'knotic and fragmented 
nuclei, AA'as abundant. The margins AA’ere hj’peremic, infiltrated by polj’- 
morphs and contained occasional thrombosed vessels. 


Legends fob Figs. 3 and 4. 

Fig. 3. — LiA’cr. Almost everj’ liA’cr cell in the field sIioaa's fatty metamorphosis. The 
cj'toplasmic droplet-s \ary in size, some coarse, manj' fine. (200X.) 

Fig. 4. — Mesenteric lymph node. Marked necrosis with partial disappearance of 
the normal Ij’mphooytes is noted. Nuclear pyknosis and fragmentation are severe. 
(200 X.) 
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Bone Marrow. Ribs: Hematopoiesis was very active. The megakaryo- 
cytes were numerous: as many as 12 were apparent in some high-power fields. 
No areas of necrosis were seen. 

Anatomic Diagnoses. (1) Fatty metamorphosis of liver, severe, acute, 
toxic; (2) focal necrosis of spleen and me.senteric lymph nodes, moderate, acute, 
toxic; (3) acute passive congestion of lungs and abdominal viscera, severe. 

Case 2. L. M., white male, age 34; streptococcic nasopharyngitis, mount- 
ing toxemia, dyspnea, cyanosis, temperature to 105.8° F., coma, death on 
13th ho.spital day. This patient was admitted to hospital on Jan. 1, 1943; 
he was a companion of Case 1. The complaints were sore throat, chills, fever 
and a tight feeling in the center of the chest, all present for 4 days. He had 
measles and scarlet fever in childhood. Admission examination: temperature 
102° F., puLse 80, respirations 20 per minute. The nasophaiyngeal mucosa 
was hyperemic and was covered with abundant mucopurulent exudate in the 
posterior pharynx. Anterior and posterior cervical lymph node chains were 
palpable. Heart was negative. The lungs Avere normal except for a feiv 
coarse rales OA’^er the main bronchi. 

A throat specimen Avas taken for smear and culture and routine upper respi- 
ratorj’- treatment Avas started. This included sulfadiazine, 3.0 gm. immediately, 
followed by 1 gm. eA^ery 4 hours. Fluid intake Avas encouraged and codeine 
cough mixture A\’as administered as required. 

Laboratory Reports. Throat Culture: Admission culture was positiA'^e for 
S. viridans; cultures on Januarj'^ 7 and 11 revealed non-hemolytic streptococcus. 
Urinalysis negatiA^e. Blood: January . 2, red cells 5,720,000, hemoglobin 
17.3 gm.; Avhite blood cells 6600 Avith 52% poljunorphs and 48% lymphocytes. 
Chest Roentgen ray: Januarj’’ 2, normal. 

Clinical Course. Recover}’- appeared uneA’-entful until Jan. 10, 1943, AA’hen 
dull pain deA’-eloped in the right lumbar region and a skin eruption, identical 
AA’ith that in Case 1, Avas noted. Sulfadiazine was stopped and the fluid intake 
increased. A total of 33 gm. was ingested up to this time. The fluid intake 
on January 6 Avas 4525 cc.; urinary output 2925 cc.; on January 8 the intake 
Avas 4400 cc., output 1800 cc. During the next 72 hours the temperature rose 
steadil}’- to 104° F. The patient became nauseated, Ammited several times 
and subsequently deA^eloped cyanosis, dyspnea and restlessness. 

Laboratory Report at This Time. Blood: Sulfadiazine leA’el 4.3 mg. per 
100 cc. ; Avhite cell count 1 1 ,900 (92 % poljTnorphs, 8 % Ijunphocy tes) ; non-prot. 
N, urea N and sugar normal. Icteric index 11. Urinalysis: albumiii 30 mg.; 
no casts or red blood cells; no crystals. Chest Roentgen rays repeated on 
January 10, 12 and 13, and shoAved no significant change from the early 
examination except for some elevation of the right leaf of the diaphragm. 

Consultation Avas obtained. The unfavorable turn in the clinical course 
AA-as interpreted as secondarj’ to recrudescence of the original respirator}’- infec- ' 
tion rather than from sulfadiazine toxemia. The sudden deterioration in the 
clinical condition of both patients seemed to coincide AA’ith the AA'ithdraAval of 
the drug. Therefore, sulfadiazine AA'as resumed on January 10, AA-ith the dosage 
of 1 gm. eA’er}’- 4 hours, so that an additional amount of 16 gm. Avas taken. 
The treatment Avas supplemented AA’ith 5% glucose solution intraA’enously in 
1000 cc. doses on Januar}’ 10 and 11, 500 cc. of plasma intraA’enously on the 
same days and oxygen by mask. There Avas no response. The temperature 
continued to rise and on Januar}’ 10 reached 105.4° F. The patient became 
comatose, and died on Jan. 13, 1943. 

Autopsy Abstract. (12 hours after death): 

Gross: The body Avas that of a AA'ell-deA’-eloped and Avell-nourished adult 
AA’hite male, AA’eighing 156 pounds and measuring 65 inches. The nasopharyn- 
geal mucous membranes were markedly cyanotic. Numerous fresh and fading 
petechial and purpuric hemorrhages, AA'hich A’aried in size from 1 to 3 mm. in 
diameter, Avere scattered in the skin and AA’-ere most numerous OA’er the anterior 
abdomen and loAA'er extremities. 

Lungs: The right weighed 610 gm., the left 325 gm. Small, scattered 
anthracotic deposits Avere present in the Ausceral pleura. The lung substance 
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was reddish gray anteriorly, "with purplish mottling in the dependent portions. 
The latter were doughy and in some regions edematous. The cut surface oozed 
bloody fluid, was purplish red due to hypostatic congestion. The blood-vessels 
were normal. The bronchial mucosa appeared diffusely cyanotic. 

Liver. Weighed 1760 gm., was slightlj’’ decreased in size and of normal 
shape. The capsule was thin and transparent. The parenchjuna was yellowish 
brown with scattered pui'puric hemorrhages. The consistency was soft and 
somewhat mushy. The parenchjma in the cut surface appeared yellowish to 
orange-broTOi and contained small purpuric hemorrhages. Mild passive con- 
gestion was distinguished in some parts. The vascular and biliaiy branches 
were normal. 

Spleen: Weighed 425 gm., was enlarged in size and of nonnal shape. The 
capsule appeared thin, purplish gray and wrinkled. The cut sui’face was dark 
purple, firm, and scraped with some difficulty; the follicular markings were 
fairly distinct. 

Kidneys: The right weighed 150 gm., the left 145 gm. . The capsules were 
thin, stripped easily; the external kidney substance was reddish brown. The 
cut surface was moderately congested, the cortex reddish brown, the pyramids 
purplish brown. No concretions were found in the pelves or ureters. There 
were a few scattered petechiae in the pelvic mucosae. 

Microscopic. Lungs: The alveolar walls were hyperemic, edematous and, 
in scattered fields, were mildly infiltrated by polymorphs and round cells. 
Some alveoli were collapsed; none of the alveolar lumens contained exudate. 
The arteries were normal. In several bronchi the lining epithelium was 
exfoliated and small foci of fibrinoid necrosis were visible in the submucosa. 
Round cells, polymorphs and nuclear debris were observed in the centers and 
margins of the necrotic foci. 

Liver: All fields displayed disorganization of the normal structure and 
severe fatty metamorphosis. Almost all liver cells were affected. Some con- 
tained large fat droplets in the cytoplasm with eccentric displacement of the 
nucleus; in others the droplets were fine and distributed through the cyto- 
plasm. A few areas were almost completely devoid of liver cells; here, only 
scattered nuclear shadows remained in an edematous background. The peri- 
portal regions were moderately infiltrated by round cells and polymorphs 
(Figs. 2 and 3). 

Spleen: Widespread hyperemia and edema were present in the pulp. Focal 
fibrinoid necrosis was apparent in the lymphoid elements of the Malpighian 
bodies; in such necrotic zones disappearance or reduction in number of the 
lymphocytes was associated with much fragmented nuclear debris. Many 
lymphocytic nuclei were pyknotic; scattered polymorph infiltration was 
present along the margins of focal necrotic areas. 

Lymp/i Node — Mesenteric: Focal and diffuse fibrinoid necrosis was observed. 
In such foci the cortical nodules were destroyed. Basophilic cellular debris 
and pyknotic and fragmented nuclei were prominent. The lymphocytes were 
decreased, absent in some fields, and the stroma hyperemic. Many small 
vessels were thrombosed. Polymorph infiltration was present throughout 
(Fig._4). 

Kidneys.^ The stroma was moderately hyperemic; the. arteries appeared 
slightly thickened. The arterioles and glomeruli were intact. There was a 
small amount of pale staining, granular debris in the lumens of the proximal 
convoluted tubules; the tubular epithelium appeared cloudy and swollen. 

Bone Marrow. The fatty stroma was moderately edematous and the 
cellular elements were composed predominantly of eiythrocytes and granulo- 
cytes in all stages of development. The ratio appeared normal. Marked 
megakaiyocyte activity could be distinguished. 

Anatomic Dl\.gnoses. (1) Fatty metamorphosis of liver, severe, acute, 
toxic. (2) Focal necrosis of spleen and mesenteric IjTOph nodes, moderate, 
acute, toxic. (3) Acute, passive congestion of lungs and abdominal rdscera, 
severe. (4) Acute, focal, necrotizing bronchitis, mild. 
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Case 3. H. 11., -ivhite male, age 50; left peritonsillar ab.scess, cavernous 
sinus thrombosis, suppurative meningitis, brain abscesses, right hemiplegia 
pneumonia, fever to 108° F., death on 13th hospital daJ^ This case is reported 
as a control in the sense that it illustrates the relative harmlessness of the 
drag in a non-susceptible individual. The patient received intensive sulfa- 
diazine treatment, much of it intravenouslj’^; the amount ingested and the free 
sulfadiazine blood level vere much higher than in Cases 1 and 2. 

The patient was admitted to hospital on Feb. 19, 1943, by transfer from a 
station hospital. The temperature was 103° F. and the patient was some- 
what confused mentally. His complaints were chiefly difficulty in swallowing 
and pain in the right temple. There had been severe pain in the left side of the 
face on February 17, but this had sub-sided by the time of admission. 

Physical examination revealed a left peritonsillar abscess, which was Incised 
immediately and a Ipge quantitj’’ of thick 3 mllow pus was evacuated. On the 
following morning his condition seemed improved but on the next day inflam- 
mation and proptosis developed in the right ej'e and the temperature rose to 
103° F. The diagnoses of cavernous sinus thrombosis and meningitis were 
made and oral and intravenous treatment with sulfadiazine was undertaken. 
The course was steadilj”^ retrogre.ssive; lu'postatic pneumonia developed on 
Februarj’’ 27, and right hemiplegia on -March 2. Death occurred on March 3, 
1943. 

The sulfonamide treatment included: .sulfathiazole 20 gm. in 5 daj's before 
entering Fitzsimons; sulfadiazine 62.G gm. (17 gm. intravenoirsfy) in 11 daj^s 
at Fitzsimons. The average blood level of free sulfadiazine was 15 mg. per 
100 cc. (the lowest 4.4 mg.; the highest 20.4 mg.). 

Autopsy (16 hours after death): 

Gross. The Irody ivas that of a ivell-developed and fairly ivell-noiirisJied 
middle-aged white male, weighing 135 pounds and 71-’. inches in length. Gen- 
eralized purple mottled discoloration was present in .skin. The right orbital 
soft tissues were edematou.s, congested; there was a 0.7 cm. recent surgical 
incision at the upper internal angle. Intracranial examination revealed an, 
acute generalized suppurative pachjnneningitis and leptomeningitis; acute, 
suppurative thrombophlebitis in the left pterj’goid plepis, in both cavernous 
sinuses, in the circular sinus, in the upper petro.sals and in the right ojihthalmic 
vein; multiple brain abscesses. 

Lungs: The right weighed 800 gm., the left 815 gm. The visceral pleura 
was thin and glistening. Each lung appeared bright red anteriorlj', purplish 
red in its dependent portion. The substance was edematous and airless 
posteriorly, dough}’- elsewhere. Emphj'sematous bullaj were present along the 
fringes. The cut surface was congested, moist, and oozed bloody fluid on 
pressure. Dark purple areas were distinguished in the dependent regions. 
The bronchi contained a moderate amount of ojiaque white fluid, which ap- 
peared to be aspirated milk. 

Liver: Weighed 2680 gm., was enlarged, soft and of noimal shape. The 
capsule was thin and transparent. The parencluuna was mottled purplish 
red to purplish yellow. The cut surface was purplish red with irregular yel- 
lowi.sh brown areas. Moderate passive congestion was seen. 

Spleen: Weighed 235 gm., was moderately enlarged, soft and noimal in 
configuration. The capsule was thin, wrinkled and purplish red. The cut 
surface rvas deep purple, scraped easil}'; the follicular markings were indistinct. 

Kidneys: The right weighed 185 gm., the left 215 gm. The capsules were 
normal. The external surfaces were purplish red, contained scattered, small, 
depressed stellate scars and a few sharplj"^ demarcated, bright j'ellow adenoma- 
tous nodules, the largest 0.6 cm. in diameter. The cut surfaces of the kidnej’s 
were moderatel}' hj’peremic. No concretions were found. 

Michoscopic. Brain and Meninges: The leptomeninges were hj'perernic 
and infiltrated bj^ pol 3 ’morphs and round cells. Exudate composed of fibrin, 
pol 3 ’morphs and bacteria filled the subarachnoid space, particular!}' in the sulci 
and over the base. Man}' acute abscesses xvere scattered through the brain ; 
their centers contained po^morphs, necrotic brain tissue, bacteria and cellular 



geever: pathologic changes in sulfadiazine intoxication 339 

debris; tbeir margins were byperemic witb an occasional thrombosed vessel 
therein. Some vessels were ringed by polymorphS; 

Lungs. Lobular inflammatory zones, some peribronchial, were present in 
the parenchyma. In these areas the alveolar capillaries were hyperemic and 
the bronchioles and alveolar lumens filled with fibrin, polymorphs and occa- 
sional red cells. The vessels elsewhere were not noteworthy. 

Liver: Mild fatty changes rvere observed in the parenchyma; in some fields 
the liver cells adjoining the periportal region were involved; in others, those 
centrally located were affected. Moderate round cell infiltration was present 
in the interlobular trabeculae. Moderate passive congestion and cloudy 
swelling were observed. 

Spleen: The Malpighian corpuscles appeared hyperplastic and the sinusoids 
were distended, congested and contained numerous polymorphs. 

Lymph Nodes— Peribronchial: Acute hyperemia was noted; in some fields 
hemorrhage and polymorph response to the bronchiolar pneumonia could be 
distinguished. There 'was no necrosis of bmiphoid tissue. 

Bone Marrow: The stroma was hyperemic, edematous, in parts slightlj*' 
hemorrhagic. Hematopoiesis was active; the erythromyeloid ratio appeared 
normal. The megakaryocytes were increased in number, with as many as 
15 rdsible in some low-power fields. 

Kidneys: The yellow nodules were cortical adenomata of adrenal type. 
The remaining parenchyma was h 3 fperemic. Scattered small superficial scars 
were present in the surface zone of the cortex. The tubules contained small 
amounts of acid-staining granular debris. 

Bacteriologic Examination (Post mortem) ; Cultures of exudate from 
the brain abscesses and meninges were positive for non-hemolytic streptococcus. 

Anatomic Diagnoses: (1) Peritonsillar abscess, left, severe. (2) Acute, 
suppurative thrombophlebitis of left ptei'ygoid plexus, of cavernous sinuses, 
of circular and upper petrosal sinuses, and of right ophthalmic vein. (3) 
Acute, suppurative leptomeningitis and pachymeningitis, severe. (4) Mul- 
tiple brain abscesses, acute. (5) Mixed hypostatic and aspiration pneumonia, 
bilateral, severe. (6) Fatty metamorphosis of liver, mild, acute. (7) Mul- 
tiple cortical adenomata of kidneys, bilateral adrenal type. 

Comment. Liver. The accumulated evidence of toxic sulfonamide 
effects on the liver of susceptible individuals is so conclusive that no 
detailed reference to the literature is necessary. Sulfadiazine ap- 
peared to be less dangerous in this respect. Finland, Peterson and 
Goodwin® found no instance of hepatitis in 460 patients treated with it. 
In fact, 6 patients with severe Ihmr damage in their series showed 
improved liver function during administration of sulfadiazine. On the 
other hand, Cantarow and Wirts- in a smaller group of 20 patients 
obtained results which pointed to hepato-cellular changes. They 
performed liver function tests during treatment with sulfadiazine and 
related drugs. No tissue studies were made. 

The pathologic alterations described in Cases 1 and 2 consisted of 
marked diffuse fatty changes, which are designated usualty as fatty 
metamorphosis. Such fatty alterations are observed in varying degrees 
in chronic dcoholisra, benzene or chloroform poisoning and pulmonary 
tuberculosis. _ In the first 2 patients this was one of the important 
anatomic findings and its relation to the sulfadiazine treatment appears 
unquestionable. Neither patient received yellow fever vaccine pre- 
viously. Undoubtedh' the jirocess caused impairment of liimr function 
but never to the point of clinical jaundice. 

In contrast to the liver damage in the first 2 patients. Case 3, H. R., 



340 geever: pathologic changes in sulfadiazine intoxication 

showed only mild alteration which was of similar fatty character. 
Attention has been directed repeatedl}’- by others to the lack of cor- 
relation between the dosage of sulfonamide drugs and the extent of 
toxic effects in susceptible persons. This is confirmed again in the 
cases here as shown by an analy.sis of the sulfadiazine dosage and blood 
levels. W. K. (Case 1) received 59 gm. of sulfadiazine over a period 
of 12 days; L. M. (Case 2) ingested 49 gm. in 9 days. The blood level 
was taken only once at the height of the treatment and was 5.7 ing. 
per 100 cc. in Case f , 4.3 mg. in Case 2. H. R. (Case 3) was admin- 
istered 20 gm. of sulfathiazole and 62. G gm. of sulfadiazine (17 gm. 
sodium sulfadiazine intravenously) over 10 days and the blood level 
of free sulfadiazine ranged between 4.4 and 20.4 mg.; it averaged about 
15 mg. 

Case 3, H. R., received a greater amount of sulfonamide, mo.st of it 
sulfadiazine, than either of the other 2 and his blood level was much 
higher. However, the liver changes were comparatively mild and 
probably'’ reversible. The only significant difference in the clinical 
behavior of Case 3 was the absence of a skin eruption. No liver func- 
tion tests were performed on anj'’ of the patients; the icteric index was 
slightly elevated in Cases 1 and 2. 

Spleen and Lymiyli Nodes. Only a few studies are aA'ailable concern- 
ing toxic changes in the spleen following the administration of sulfon- 
amide drugs and the majority of these are experimental. The only 
report available to the author that concerns sulfadiazine is that of 
Maisel, McSwain and Glenn,® who studied tissue reactions in the dog. 
They found degenerative alterations in the “germinal centers” of the 
Malpighian bodies in nearly all of their animals. Davis, Plarris and 
Schmeisser^ observed focal necrosis, polymorph infiltration and nuclear 
fragmentation in the spleens of rats given sulfanilamide. Rake, 
Van Dyke and Corwin® described disorganization and disappearance 
of the Malpighian bodies in mice given 1% and 2% sulfathiazole diets. 
Lederer and Rosenblatt^ saw similar changes in the spleen and lymph 
nodes of 4 human cases, who died after sulfathiazole treatment. 

The changes described in Ca.se.s 1 and 2 were quite similar to those 
quoted above: the spleen displayed focal fibrinoid necrosis of the 
IjTnphoid elements in the Malpighian bodies. Nuclear fragmentation 
and cellular debris were marked and neutrophilic infiltration occurred 
throughout and in the margins of the necrotic foci. 

The mesenteric lymph nodes showed similar focal, sometimes diffuse 
necrosis, which affected the cortical nodules particularly. The lympho- 
cj’tes were decreased or absent in such areas and nuclear pyknosis and 
fragmentation were outstanding. This localization to mesenteric 
Ijrniph nodes would seem, at first, to indicate an effect secondary to 
intestinal absorption of the sulfadiazine. However, the submucosal 
honph follicles of the small intestine were unaffected. 

Case 3 served as a control: there were no alterations in the lymph 
nodes except h\'peremia and scattered hemorrhages but only the peri- 
bronchial nodes were available for examination. The spleen of this 
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patient presented changes characteristic of acute splenic tumor. This 
was very different from the picture in the other 2 cases. 

Bone Marrow. Among the toxic effects of sulfadiazine upon the 
blood-forming organs, the depressing aetion on erythrocyte and granu- 
locyte production assumes major importance. Such effects were 
described experimentally and clinically (Maisel, McSwain and Glenn,* 
Curry,® Satterthwaitei® ^nd Boyer.^ Peripheral blood counts and bone 
marrow examinations revealed no comparable toxic action in the cases 
presented in this report. 

Stimulation of megakaryocytes was apparent in the bone marrow of 
all 3 patients. No platelet counts were performed and the only sig- 
nificant clinical correlation was with the petechial and purpuric skin 
eruption in Cases 1 and 2. Whitehouse and Watkins,^^ and Gorham, 
Propp, Schwind and Climenko® described thrombocytopenic purpura 
following the use of sulfadiazine. Such reports indicate, therefore, that 
selective depressing effects may occm in susceptible individuals. 

The possible relation of the splenic changes described above to the 
megakaryocj'-te activity is interesting, particularly since the spleen 
plays some role in thrombocytopenic purpura. No additional informa- 
tion is advanced in this report, however, and the findings in the spleen 
and bone marrow may be entirely independent. 

Summary. 1. Three fatal cases of streptococcic infection are pre- 
sented with complete autopsy findings. All of them received sulfa- 
diazine treatment. 

2. In 2 patients who developed a drug eruption, severe fatty meta- 
morphosis of the liver and moderate focal fibrinoid necrosis of the 
spleen and mesenteric lymph nodes were observed. The 3rd patient 
showed no skin eruption, no necrosis of spleen or lymph nodes, and 
only mild fatty alterations were encountered in the liver. 

3. A skin eruption during sulfadiazine treatment is of serious sig- 
nificance. Ij a decision to contimie mih ihe drug is made follomng its 
appearance, then toxic effects should be expected and weighed against any 
possible beneficial infiuence on the original infection. 


The author wishes to express appreciation to Colonel Hugh W. Mahon, Medical 
Corps, A.U.S., for valuable suggestions in the preparation of this report. 
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CARCINOMA OF THE NASOPHARYNX 
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(From the Departments of Radiologj' and Pathology) 

Periodically' there arises in tlie literature, a review of this subject, 
but inquiry among recent medical graduates and others contacted in a 
large urban hospital reveals the general unawareness of carcinoma of 
the nasopharynx and its clinical syndrome. This lack of knowledge 
has undoubtedly been a factor in the poor control of this highly malig- 
nant disease. EY'ery review in the literature presents an equally dis- 
couraging percentage of “cure.” Many authors stress the element of 
late diagnosis as one of the reasons for this low percentage. Hence it 
seems desirable that various clinics should report their cases and the 
factors behind the therapeutic failures. AVe are reporting on 17 cases 
occurring at this hospital, 10 of which we have studied personally. 

Martin and Blady® report that carcinoma of the nasopharynx com- 
prises 2% of the malignant growths seen in the Head and Neck Clinic 
of the Memorial Hospital in New York. They also point out that this 
tumor occurs in a younger age group (mean age 45 years) than do 
tumors of the tongue, lip and mouth (56 to 58 years). It is interesting 
to note that several Chinese are included in many of the large series; 
Lenz^ has 4 in a series of 63. Various authors report slightly different 
incidences of the following features: 

1. Cervical Adenopathy. Kasaback^ in 57 cases reports 77 % .showing 
cervical metastases on admission. Lenz'* lists 36% in 61 cases. Fur- 
stenburg^ states that 27.5% of his 41 cases .showed cervical adenopathy 
on admission, but by the time the diagnosis was made 60% had pal- 
pable nodes in the neck. 

2. Nasorespiratory Symp)toms. Roughly 30% of cases in the litera- 
ture give as a first sjTnptom nasal obstruction, discharge or epistaxis. 

3. Neurologic Symptom.s. New^ reports in 194 cases that 31% had 
paralysis of one or more cranial nerves. Other authors since have 
reported essentially similar figures. The most frequently involved 
cranial nerves are V, AH and IX, resulting in facial pain, diplopia and 
dysphagia respectively. These findings, plus headache, are explained 
by direct extension of the tumor into the middle fossa of the skull. 
Roentgenograms of the base of the skull show a typical melted-out 
appearance of the sphenoid and the petrous portion of the temporal 
bone. There are those® Yvho claim that these findings are due to the 
erosive properties of the tumor once in the skull rather than by direct 
extension through the bone. They point out a possible pathway along 
the cartilaginous portion of the Eustachian tube up through the fora- 
men lacerum accompanying the internal carotid artery (Fig. 9), 
Frequently it spreads a considerable Yvay beneath the dura eroding the 

* Now in active sen'ice, M.C., V.S.N.R. 
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bone during its passage. Due to the involvement of the ceriucal 
sympathetic chain, a Horner syndrome may develop. 

4. Ear Symptoms. As most of the tumors arise in or near the fossa 
of llosenmuller, a number of auricular manifestations may be expected 
as early complaints. Martin and Blady® state that unilateral deafness 
was the first symptom in 10% of their cases. Tinnitus and a sensa- 
tion of stuffiness are the other leading complaints. Later severe ear- 
ache may be prominent. 

5. Duration oj Symptoms. Furstenburg^ claims that the average 
duration of symptoms before diagnosis was 15 months. Precious time 
has been lost in the performance of many operations done on erroneous 
diagnoses. For example, tonsillectomies, mastoidectomies, and so 
forth were done in 32% of the cases of Hauser and Brownell." 

Treatment, Once the diagnosis is proven, irradiation to the limit of 
the skin and physical tolerance is the only accepted form of treatment.* 
Martin and Blady^ describe an ingenious radon applicator for topical 
application to the primary tumor in the nasopharynx. New'^ states 
that patients who were adequately treated with irradiation live 5 times 
as long as those who were not treated at all. One of the common 
faults in the handling of this condition has been to start treatment 
before the diagnosis has been established by biopsy. The tumor is so 
radiosensitive that any little irradiation may obliterate tissue favor- 
able for biopsy, and the diagnosis is only secondarily established by 
removal of recurrent metastatic cervical nodes. The general opinion 
is that surgery is not indicated in the treatment of these tumors. 

Analysis of Material. The accompanying chart of our 17 original 
cases shows numerous features confirming findings previously reported. 
Thus a younger mean age (38.5 years) is demonstrated than, for 
example, in malignancy of the mouth (56 to 58 years). Of our cases, 
15 are males while only 2 are females. Once again the interesting 
incidence of Chinese in these cases becomes apparent, for 2 of our 
patients are of this race. Four negroes and 11 whites comprise the 
remainder. On admission every case had cervical lymph node met- 
astases. In 11 of these patients the cervical lymph node enlargement 
w'as the original complaint. Three individuals complained primarily 
of epistaxis; 10 others developed it eventually. One referred to the 
ear in his original symptomatology, but 13 showed tinnitus or deafness 
in the course of their disease. In comparison with Needles’® report 
of the occurrence of Horner’s syndrome in 4 out of 35 cases, we had 
1 in 17. Nine individuals showed signs of cranial nerve involvement. 
Roentgen rays of the base of the skull showed a melted-out defect 
of the middle fossa in 5 cases. In 2 cases there was clinical evidence 
of involvement of the cranial nerves without Roentgen ray evidence 
of damage to the base of the skull (Cases 9 and 17). The reverse was 
true in 1 case (Case 8). The average length of time from the onset 
of the first symptom to the time of diagnosis was 8.1 months. Of the 

* Irradiation should be given to each side of the face and neck Avith the portals extend- 
ing about 1 inch above the zygomatic level and down to the base of the neck— approxi- 
mate size of tlic field, 10 by 20 cm. Total fractional doses should average 3000 r, in air 
to each skin area. (Factors: 200 k^^, 0.5 mm. Cu and 1 mm. Al filtration; 20 ma.'; 
HVL 0.95 mm. Cu.) Occasionally'’ additional treatment may be necessary. 
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17 cases, only 2 are alive (Cases 14 and 17). In the other cases the 
average length of life following the first symptom was 23.4 months. 
This figure represents the life span of a group of individuals admitted 
with cervical node metastases who received ^'arying amounts of irra- 
diation. This .studj^, therefore, is a discussion of patients with late car- 
cinorna of the nasopharynx. As in most other series, we are not in a 
position to offer comments on the early carcinoma of this region or any 
figures on the natural course of the disease unaffected by irradiation. 

Pathologic Anatomy. Considerable confusion has centered about 
the term “lympho-epithelioma” coined by Sehminclce® in 1921. The 
clinipal syndrome produced by these tumors and their great radio- 
sensitivity have led many to think of these as members of the malig- 
nant lymphomata or as rejiresenting an entirely new type of tumor. 
Schmincke pointed out that these tumors arose in a "lympho-epithe- 
lial” region, where normalty considerable tymphoid tissue abounds, 
and that thej’’ were simply anaplastic carcinomas arising from the naso- 
pharjmgeal mucosa with many lymphocytes mixed in coincidentally. 
This is the commonly held view toda.y. That these tumors are car- 
cinomas may be readily seen from the accompanying photomicrographs. 
The same illustrations show that not all of them wouldfit the Schmincke 
description of “lympho-epithelioma.” The tumors in our series tend 
to fall into 3 groups; 

Groiq) I (4 cases). This tumor consists of multiple, small, sharply 
demarcated but closely approximated islands of loosely packed cells. 
The indi\ddual cells contain rather small oval nuclei with one or two 
large nucleoli and a fairly coarse network making the nucleus appear 
dark. Abundant cytoplasm keeps the nuclei well separated. An 
occasional lymphocyte is seen between the cell groups. This micro- 
scopic picture is seen in Cases, 1, 6, 11 and 16 (Figs. 1 and 2). 

Group II (2 cases). The second variety is made uji of small single 
cords of tumor cells widely separated by an abundant stroma contain- 
ing many lymphocytes and plasma cells. These cords, under low 
power, are strongly suggestive of anaplastic squamous carcinoma. 
The individual cells in the cords vary greatly. Some contain small 
dark staining oval nuclei while others contain large pale staining 
nuclei with large nucleoli. Cj^toplasm in both types of cells is abun- 
dant. No prickle cells are seen. Such a microscopic picture is shown 
by Cases 4 and 14 (Figs. 3 and 4). 

Group III (10 cases). This group of tumors embraces the largest 
number of .our cases. It, in turn, is broken down into 3 subtypes. 
The basis of the subdivision is on the appearance of the general pat- 
tern, the cells being essentially similar. 

Subtype A (5 cases). The tumor assumes the form of large invading 
solid blocks of tissue studded with cells containing uniformly huge 
pale-staining nuclei. These nuclei have exceedingly large nucleoli and 
a A^ery delicate linin network. The cytoplasm of each cell appears to 
be merged with that of the next creating a pseudohomogeneous back- 
ground for the nuclei. Only a few lymphocytes are seen nestled withm 
this “block” of tumor tissue. Cases 2, 5, 8, 13 and 17 fall into this 
group (Figs. 5 and 6). 
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Fig. 1. — Carcinoma of nasopharj’^nx. Group I, as described in text. (Hematoxylin 


and eosin, X SO.) 

Fig. 2. — Same as Figure 1 (X 322). 

Fig. 3. — Carcinoma of the nasopharj-n.x. Group II, as described in text. (H and E 


stain, X 80.) 

Fig. 4. — Same as Figure 3 (X 322). 

Fig. 5. — Carcinoma of nasopharj’nx. Group HI, Subtype A, as described in the text. 
(H and E stain, X SO.) The arrows outlined the tumor margin. 

Fig. 6. — Same as Figure 5 (X 322). 
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Fig. 7. — Caicinoma of nasopharynx, Grouj) III, Subtype B, as described in tlie text. 
(H and E stain, X 80.) 

Fig. S. — Same as Figure 7 (X 322). The arrows point to tlie tumor margin. 

Fig. 9. — Case 13, illustrating the path of extension of these tumors up along the 
internal carotid artery. The posterior arrow points to tumor. The anterior arrow 
points to tumor nodules in the roof of the right orbit. Subsequent dissection showed 
the orbit to be filled with tumor which was continuous through the orbital fissure with 
the portion shown by the posterior arrow. The reason for the frequent involvement of 
the III, IV, V, VI cranial nen^es becomes obvious from this illustration. The right 
Gasserian ganglion has been forced posteriorly by the tumor. 

Fig. 10. — Carcinoma of the nasopharynx. Group III, Subtype C, as described in the 
text. (H and E stain, X SO.) 

Fig. 11. — Same as Figure 10 (X 322). 
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Subtype B (3 .cases). Instead of showing large blocks of tissue, this 
tumor features poorl.y organized, irregular nests and cords of tumor 
cells creeping out into the nearby stroma. The nuclei of the cells here 
are of the same general nature. They are considerably smaller than 
those of Subtype A but are pale-staining with large nucleoli and deli- 
cate linin network. In this tumor there is a generous sprinkling of 
lymphocytes in between the tumor cells in contrast to their relative 
absence in Subtype A. Cases 7, 9 and 12 are of this type (Figs. 7 and 8) . 

^ S^ibtype G (2 cases). This type represents the least organization. 
Very thin cords of cells weave an entirely irregular pattern. Once 
again the cells Rre essentially the same as the above subtypes. The 
prominent nuclei in the thin cords of cells create the appearance of a 
diffuse scattering of cells throughout the stroma. Many lymphocytes 
are seen generally in amongst the tumor cells. Cases 3 and 10 show 
this structure (Figs. 10 and 11). No doubt, it is Subtype B and C 
which Schmincke referred to as “lympho-epitheliomas.” 

The postmortem studies of these cases re^"eals an interesting ten- 
dency for the tumor in Group I to metastasize widelj'^ to lungs, liver, 
and so forth, in addition to local extension into the middle fossa of the 
skull. The tumors in Group III show a striking tendency to local 
metastasis to cervical nodes and direct extension up along the internal 
carotid artery into the middle fossa. The latter eases have not shown 
general metastases. There is no evidenee that these cases have shown 
sjTnptoms earlier, and that as a consequence came under irradiation 
therapy earlier. Further study along this line should prove informative. 

Comment. It should be pointed out that profoundly ill patients can 
be dramatically relieved temporarily by irradiation. In several of our 
recent cases patients were rendered symptom-free for weeks or months 
with complete clinical regression of the primary and also the cervical 
node enlargement. Subsequent recurrence of the tumor or the metas- 
tases has been found to be radioresistant; therefore, once the diagnosis 
has been established, all patients should be treated to the limit of the 
skin and physical tolerance even though clinically one can no longer 
find disease. The practice of irradiating cervical lymph node enlarge- 
ment without adequate examination of the nasopharynx is to be 
condemned. 

Summary. A series of 17 original proven cases of carcinoma of the 
nasopharjmx has been presented with their clinical and pathologic 
characteristics. The lack of general cognizance of this tumor and there- 
fore its late diagnosis has been emphasized. The clinical syndrome as 
presented above represents late disease. The radiosensitivity of these 
tumors leads to marked temporary improvement, hence it is of value 
even in very ad^'anced cases. 

REFERENCES 

1. Fubsten'bpug, a. C.: Surg., Gynec. and Obst., 66, 400, 1938. 

2. Hatjser, I. J., and Bbownele, D. H.: J. Am. Med. Assn., 11, 2407, 1938. 

3. Kasaback, H. H.: Laryngoscope, 51, 459, 1941. 

4. Lenz, M.: Am. J. Roent. and Rad., 48, 810, 1942. 

5. Martin, H. E., and Blady, I. V.: Arch. Otolaryngol., 32, 092, 1940. 

0. Needles, W.: J. Nerv. and Ment. Dis., 86, 373, 1937. 

7. New, G. B.: Trans. Am. Acad. Ophfh., 36, 39, 1931. 

8. Schmincke, A.: Beifr. z. path. Anat., 68, 101, 1921. 



DOWLING, leppeb: “dkug eever” 


349 


“DRUG FEVER” ACCOMPANYING SECOND COURSES OF 
SULFATHIAZOLE, SULFADIAZINE AND SULFAPYRIDINE 

By Habry F. Dowling, M.D. 

CLINICAL PfiOFESSOK OP MEDICINE 
AND 

Mark H. Leppeb, M.D. 

FOHRrBRI.Y FBVLOW IN IIEDICINE 
WASHINGTON, D. C. 

(From the George Washington Medical Division, Gallinger Municipal Hospital, and the 
Department of Medicine, George Washington University School of Medicine) 

The phenomenon of fever occurring as a result of therapy with 
sulfanilamide was first described by Hageman and Blake, ^ and has 
since been commonly observed by all clinicians making extensive use 
of any of the sulfonamide drugs. Such “drug fevers” often appear 
around the 7th to the 10th day of treatment with a sulfonamide drug, 
although they may occur at any time after treatment is begun. They 
are frequently accompanied by dermatitis with or without conjunctiv- 
itis. Lyons and Balberor^ reported that 19 (36%) of 53 patients who 
recei^^ed a second course of sulfathiazole experienced fever after failing 
to develop fever during a first course, whereas the percentage of 
patients who developed fever during a first course of sulfathiazole 
which lasted for 7 days or longer was 10.4%. 

Several questions occurred to us with regard to the application of 
these findings: First, will drug fever occur as frequently following 
two courses of the other sulfonamides as it does following two courses 
of sulfathiazole? Second, is a second course of a dift'erent sulfonamide 
as likely to cause fever as a second course of the same drug? Third, 
is this phenomenon related to the length of the first course, to the 
length of the interval between courses, or to the length of the second 
course of sulfonamide administration? Further, if a patient does not 
develop fever from two courses of a sulfonamide is he likely to develop 
it following later courses? In an attempt to answer these questions, 
we have analyzed the data on all the patients coming under our observa- 
tion who have received more than one course of the sulfonamide drugs 
and who did not develop fever during the first course. 

Results. As shown in Table 1, among 53 patients Avho recei^'ed a 
second course of sulfathiazole, fever developed during this course in 
9 (16.7 %). When sulfadiazine* was given to 68 patients following an 
earlier course of the same drug 5 (7.4%) developed fever during the 
second course. Only 22 patients in our series received a second course 
of sulfapjwidine. Two of these (9.1%) developed “drug fever.” 
When the ^ 144 patients receiving a second course of any of these 
.3 sulfonamides after an initial course of the same drug are considered 
as a single group, it will be seen that 16 (11.1%) experienced fever 
during the second course. 

The second column, of Table 1 shows those patients who received a 
course of one of the sulfonamide drugs following an initial course of some 

* Salfnrli.izine for tliis study was supplied by the Lederlc LalToratorios, Iiic. 
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other sulfonamide. In some instances an interval elapsed between the 
two courses, and in others the second sulfonamide was given imme- 
diatelj^ following cessation of administration of the first. Since there 
was no discernible difference between the proportion of patients devel- 
oping fever after an interval had elapsed and those in whom the two 
drugs were given one after the other, we have included them all in the 
one group. Eighty-nine patients were given sulfathiazole after a 
previous course of another sulfonamide had not resulted in the pro- 
duction of fever. Five of these patients (5.6 %) de\Tloped drug fever. 
One of the 57 patients receiving sulfadiazine and none of the 23 patients 
receiving sulfapyridine following the administration of a different sul- 
fonamide developed drug fever. When this group is totaled, it is seen 
that among 169 patients receiving a second sulfonamide after the 
first failed to produce fever, 6 patients (3.6%) developed drug fever. 

Table 1. — Patients Developing Feveu Duking Various Types of 
Sulfonamide Administration 


Previous course of 

Same 

sutfonamidc 

Another 

sulfonamide 

No previous 
sulfonamide 

Sulfathiazole: 

All cases 

53 

89 

172 

Febrile cases . 

9 

5 

14 

% febrile . 

1C. 7 

5.6 

8.1 

Sulfadiazine: 

All cases 

. CS 

57 

371 

Febrile cases . 

5 

1 

16 

% febrile 

7.4 

1.8 

4.3 

Sulfapyridine; 

All cases 

. 22 

23 

194 

Febrile cases . 

2 

0 

7 

% febrile . 

! 9.1 

0 

3.6 

All 3 sulfonamides: 

All cases 

. 144 

169 

737 

Febrile cases . 

16 

6 

37 

% febrile . 

11.1 

3 G 

5 


The two groups described above may be compared with those who 
were observed while receiving their first course of a sulfonamide. Only 
patients who received the drugs for 6 days or longer, are included in 
these figures. Sulfathiazole was given to 172 patients among whom 
14 (8.1 %) developed fever. Sixteen (4.3%) of the 371 patients receiv- 
ing sulfadiazine experienced fever, as did 7 (3.6%) of the 194 to whom 
sulfapyridine was administered. 

When these results were tested by the chi square method, the figures 
in the last line where patients treated with the 3 sulfonamides are 
computed together, are statistically significant. The proportion of 
patients developing fever upon receiving sulfathiazole after a first 
course of sulfathiazole is significantly greater than the proportion in 
patients receiving sulfadiazine following a first course of sulfadiazine. 
Likewise the proportion of patients developing fever upon receiving 
sulfathiazole following sulfathiazole is significantly greater than that 
in patients receiving sulfathiazole following another drug, but the 
diffei’ence between those receiving sulfathiazole following sulfathiazole 
compared to those receiving a first course of sulfathiazole does not 
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quite fill the criteria for statistical significance (one-half p is slightly 
over 3% whereas it should be 2.5% or less to be considered significant). 

It will be noted, however, that even in the instance of those individ- 
ual drugs (sulfadiazine and sulfapyridine) where the number of cases 
is not sufficient for the figures to be significant, the trend is in the same 
direction as the results obtained with the use of sulfathiazole. Further- 
more, as has been noted above, the figures for the totals on all 3 drugs 
are significant. 

Patients Receiving More Than Two Courses. Three courses of a 
sulfonamide were administered as follows; sulfathiazole, 3 patients; 
sulfadiazine, 2 patients; sulfapjTidine, 1 patient. Four courses of 
sulfathiazole were given to 1 patient and four courses of sulfadiazine 
to 4 patients. One patient was given six courses of sulfadiazine. None 
of these patients had a febrile reaction attributable to sulfonamides at 
any time. The longest period covered from the beginning of the first 
course to the end of the last was 596 days, during which four courses 
of sulfadiazine were given, separated by three intervals during which 
no sulfonamides were administered. 

Influence of Length of Courses or of the Interval Between. In the 
patients who received two courses of the same sulfonamide, the length 
of the first course varied from 1 to 35 days (mean 7.1 days) in the 
sulfathiazole-treated patients; from 1 to 64 days (mean 10.7 days) in 
the sulfadiazine-treated patients, and from 1 to 31 days (mean 6.8 
days) in the patients to whom sulfapyridine was administered. We 
were unable to find any relationship between the length of the first 
course and the development of fever during the second course. The 
length of the interval between courses varied from 1 day to 27 months 
in the case of sulfathiazole, between 1 day and 19 months in the 
sulfadiazine-treated patients and between 1 day and 22 months in the 
sulfapyridine-treated patients. As will be seen from Table 2, febrile 
reactions occurred after varying intervals, the shortest period of time 
elapsing between courses being 1 day and the longest 7 months and 
6 days. Febrile reactions were no more frequent when the interval 
was short than when it rvas long and vice versa. 

The length of the second course of sulfathiazole varied from 1 to 
17 days; of sulfadiazine from 1 to 79 days, and, in the case of sulfapyri- 
dine, from 1 to 12 days. Again, we were unable to find any relation- 
ship between the length of the second course and the incidence of 
drug fever. When a febrile reaction did supervene, it began anj^here 
from the 1st to the 7th day of the second course of the drug. When the 
total length of time covered by the first course of the sulfonamide, plus 
the interval, plus the second course was considered, it bore no relation 
to the number of febrile reactions. 

dable 2 also shows that a drug rash was present in addition to the 
febrile reactions in 6 of the 9 patients with fever following a second 
course of sulfathiazole; in 3 of the 5 patients with fever following a 
second course of sulfadiazine and in both of the patients experiencing 
lever following a second course of sulfapyridine. Conjunctivitis was 
pr^ent in addition to dermatitis in 1 patient each receiving sulfa- 
thiazole and sulfadiazine. 



352 


DOWLING, deppek: “drug fever” 


Taulk 2.— Patiknts With Fkuhile Reaction to Second Couiihe of Sui.fonamidks 


Interval 



Dinalioii of 

hc‘twt*i*n 

Day of Hccoiid 




f'Ourfct*.s 

oouixc wlieii 

Dermatitis or 

No. 

(dn.VH) 

(daj's) 

fever bewail 

eoiijiinctivitis 


Sulfathiazole Folloioutg Sulfathiazole 


1 . 

. . . . G 

2 

5 

No 

2 . 

.... 20 

3 

1 

D 

3 . 

7 

14 

4 

D 

4 . 

. . . . 1 

3 

7 

D 

r, . 

2 

S 

3 . 

D • 

0 . 

. . . . 1 

2R 

2 

No 

7 . 

. . . . S 

24 

2 

No 

S . 

. . . . 4 

4 

2 

D and C 

9 . 

. . . . 4 

21 

5 

D 


Sulfadiazine 

Following Sulfadiazine 


10 . 

. . . . 10 

0 

5 

D 

11 . 

21 7 mos. and 0 day.s 1 

No 

12 . 

. . . . 13 

0 

1 

D 

13 . 

. . . . 4 

1 

1 

D and C 

14 . 

.... 20 

0 

1 

No 


Sulfapgridhic Follotving Sulfapyridine 


15 . 

. . . . 9 

2 

10 

D 

10 . 

. . . . 20 

5 

2 

D 


Discussion. We have lieen able to confirm tlie finding.s of Lyons 
and Balberor^ that fever follows the administration of a second course 
of sulfathiazole more frequently than it occurs during a single course 
and to show that this result is also obtained after therapy with other 
sulfonamides, that is, sulfadiazine and sulfapyridine. While the per- 
centage of febrile reactions in our series following a second course of 
sulfathiazole (17.1%) was not as high as that found by Lyons and 
Balberor^ (36%), this may have been due to a difference in the dosages 
used in the second course. The former authors gave 4 gm. of sulfa- 
thiazole followed by 1 gm. every 4 hours. In approximately one-half 
of our cases this dose was given, while in the others, a dose of 2 gm. 
initially and 0.5 gm. every 4 hours was used. Febrile reactions tended 
to occur more frequently in the patients who received the higher doses. 

Fink and Wilson* found that among 86 children given sulfathiazole, 
3 developed febrile reactions; and that among 91 who received sulfa- 
diazine, 4 experienced febrile reactions. It is possible that the fact 
that the subjects used in this inve.stigation were all children may have 
accounted for the low incidence of drug fever, since it has been the 
experience of many observers that reactions from the sulfonamides in 
general are less frequent in children than in adults. Unfortunately, 
the authors did not state for comparison the number of febrile reactions 
which occurred in children under their ob.servation receiving only one 
course of the sulfonamides. On the other hand, the low incidence of 
febrile reactions may have been due to the use of low dosages necessi- 
tated by the fact that the subjects were children. 

If a second course of a sulfonamide is given to an adult after an 
interval of time has elapsed since the admini.stration of a course of the 
same sulfonamide, a febrile reaction is likely to occur, especiall.y il a 
full dose of the drugs is used. On the other hand, as the second line 
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of Table 1 shows, if another sulfonamide is given for the second course, 
instead of the same sulfonamide, febrile reactions are not any more 
frequent than during a single course of a sulfonamide and may possibly 
occur less often. The practical application of this is obvious; if a 
second course of a sulfonamide is needed and another drug is available 
which is as potent as the first one, the second drug should be used for 
the succeeding course. Apparently, the length of time covered by the 
first or second courses or of the interval between has no effect upon the 
tendency for febrile reactions to develop, except that none of the febrile 
reactions der'eloped earlier than the 10th day following the commence- 
ment of the first course of the drug, with the exception of 1 case in 
which the fe^’er began after 4 days of sulfadiazine therapy, a 1-day 
interval during which no drug was given and less than 1 day of subse- 
quent sulfadiazine administration. By contrast, none of the patients 
who received a different sulfonamide during the second course devel- 
oped a febrile reaction earlier than the 3rd day of administration of the 
second sulfonamide. 

Since none of our 12 patients who were given from 3 to 6 courses of a 
sulfonamide developed febrile reactions during any course, it is possible 
that patients who are going to develop drug fever wull do so during the 
first or second course or not at all. A larger group of patients who 
har'e received multiple courses will be needed to prove this point, 
however. 

Summary and Conclusions. 1. Among 144 patients who ^ecei^'ed a 
second course of sulfathiazole, sulfadiazine or sulfapyridine after a 
varying interval of time had intervened since the first course of the 
same sulfonamide, 16 (11.1%) developed drug fever. Eleven of these 
patients developed concomitant dermatitis, which in 2 instances was 
associated with conjunctivitis. 

2. Among 169 patients who received a second course of sulfathiazole, 
sulfadiazine or sulfapyridine following a first course of another sulfon- 
amide, 6 (3.6%) developed drug fever. 

3. Among 737 patients who were observed during a single course 
of therapy with sulfathiazole, sulfadiazine or sulfapyridine, 37 (5%) 
developed febrile reactions. 

4. Febrile reactions were more frequent following a second course 
of sulfathiazole as well as during a single course of sulfathiazole than 
was the case with sulfadiazine or sulfapyridine. 

5. Three to 6 courses of the same sulfonamide were given to 12 
patients, none of whom developed febrile reactions. 

6. It is concluded that, when a second course of a sulfonamide must 
be gi^'en to a patient, regardless of the interval following the first 
course, another sulfonamide drug should be given. 

W 0 wish to thank Dr. Lewis K. Sweet for his cooperation in this study, and Miss Louise 
Mausc and Miss Rutli Mayer for technical assistance. 
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INSULIN RESISTANCE 
The Role of Immunity in Its Peoduction 
By Jacou Lehman, M.D. 

I.VSTJtUCTOn IN MEDICINE, IIARVAUD MEDICAL SCHOOL 
BOSTON, MASS. 

(From the Medical Clinic of the Massachusetts General Hospital) 

It is well known that insulin is a poor antibod.v producer. Barral 
and Roux,® Lewis^® and Bernstein, Kirsner and Turner® were able to 
demonstrate sensitization of guinea pigs by means of the Schultz-Dale 
technique or by anaphylactic reactions. More recently Wasserman, 
Broh-Kahn and Mirsky^ have demonstrated antibodies in rabbits 
injected with insulin by means of the complement-fixation technique. 
Other investigators have failed to produce antibodies to insulin. In 
my own experiments rabbits and guinea pigs receiving insulin subcu- 
taneously and intraperitoneallj' failed to develop skin hypersensitivity 
or circulating antibodies as measured by the precipitin test, nor did 
their serum protect a normal animal against a minimal lethal dose of 
insulin. 

The fact that insulin is a poor antigen is rather fortunate for dia- 
betics. Many diabetic patients receiving insulin for the first time 
develop local reactions. Such reactions usually disappear after a few 
injections, although they may persist for a long time in an occasional 
case. In either event such patients respond to insulin in the usual 
fashion 

Some patients become hj^persensitive to insulin, developing general- 
ized as well as local reactions. Some of these patients have been 
reported to have positive skin tests to more than one type of 
insulin,®-^’®’®’^'®^ passive-transfer antibodies,""-''* and precipitins.®'* 
They may or may not respond to insulin in the usual fashion. Only 
an occasional patient becomes resistant or refractory and requires 
tremendous doses to control the diabetes. Several such patients 
have been reported and in a few instances immunologic studies have 
been made. The patient described by Glassberg, Somogyi and 
Taussig*^ developed local and urticarial reactions first, and later, 
insulin resistance, Avith disappearance of skin reactions. This patient’s 
serum did not contain precipitins. The cases of insulin resistance 
reported by Wiener,-® ^lartin, Martin, Lyster and Strouse®^ and 
Glass, Spingarn and Pollack^ showed no passive-transfer or other 
tApes of antibodies. On the other hand, the patient of Karr, Kreidler, 
Scull and Petty*® showed posith-e skin tests to all types of insulin, 
passive-transfer antibodies and precipitins for insulin. All of these 
reports agree that the patients’ serum does not antagonize the hypo- 
glycemic effect of insulin in animals. On the other hand, Cannon and 
co-workers,® Lowell,*® and the author*® haAm obtained evidence of the 
opposite sort, wbicb will be discussed more fully below. It is true 
that Glen and Eaton*® and Wayburn and Beckh®* haAm also demon- 
strated an insulin-antagonizing effect of the serum from such patients. 
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but they attributed it to an anterior pituitary diabetogenic factor. 
Similarly Marble, Fernald and Smith^® were inclined to attribute the 
delayed anti-insulin effect of the serum from 2 insulin-resistant patients 
to the action of a pituitary factor. 

Material and Method. The blood from 6 patiente with insulin resistance 
was examined for the presence of insulin antibodies. The ring precipitin 
method and the Praussnitz-Kustner test were largely employed. In perform- 
ing the precipitin test the antiserum was absorbed Mth bovine and pig serum 
previous to testing, and dilutions of the antigen, starting with 0.5 or % solu- 
tion of crystalline zinc insulin,* were layered over the sera. In some instances 
amorphous insulin from different sources was substituted, without affecting 
the results. In the Praussnitz-Kustner test, 2 units of cp^stalline zinc insulin 
were used to test for the presence of passive-transfer antibodies. In addition 
the sera from several patients suspected of being resistant to insulin, and from 
patients showing transient or persistent local reactions to insulin were exam- 
ined by these methods. In some instances the attempt was made to determine 
if the sera from resistant cases would protect guinea pigs against a lethal dose 
of insulin. In 1 case, studied more extensively than the others, the “insulin 
tolerance test” was determined and compared with such a test in the usual 
diabetic case. 


Table 1. — Immune Reactions of Serum From Insulin-resistant Patients and 

Their Insulin Requirement 



Antiserum 











incubated 








Daily 



ivith bovine 


Dilutions of crystalline zinc insulin 0.5% 


Passive 

insulin 


Caie 

and pis 




— * 


,, 

transfer 

dosage 


No. 

serum 

1 

4 

16 

64 

256 1000 

10,000 

test 

(units) 


1 

E.St.C. (a) 

++-)- 

-t-H- 

-t-+ 

++■ 

++ + 

sb 

+++ 

450 

1/9/U 


E.St.C. (b) 

++ 

+ 


— 

~ — 

— 

++-I- 

100 

2/25/42 


E.St.C. (c) 

++ 

++ 

-n- 

+ 

sb — 

- 

+• f-i- 

200 

3/21/43 

2 

rr.i>. 

— 

- 

- 

- 

— 


Ncg. 

50 

Neg. precip. test 











with dilutions 











of 1% insulin 

3 

A.IaiV. 

- 

- 

- 

- 

- 


Neg. 

G3 

“ 

i 

E.P.(a) 

+ 

-b 


— 



++ 

200 



E.P. (b) 

- 

- 

- 

- 

- 


Neg. 

40 

{< 

5 

H.T. 

- 

- 

- 

- 

- 


+ 

160 

It 

G 

A.M. 

- 

- 

- 

- 

- 


-(-++ 

200+ 

It 

Heating scrum for 1 hour at 56® C. did not affect the results. 






Results. 

The 

results 

of 

the 

precipitin 

tests are 

summarized in 


Table 1. This table deals only wdth data obtained on 6 patients who 
showed evidence of insulin resistance. The sera from several normals 
and from several diabetic patients were tested, including the sera from 
2 patients in whom insulin injections caused persistent local reactions. 
They all failed to show circulating antibodies to insulin or passive- 
transfer antibodies. The sera from some of the patients receiving 
insulin did show a small titer of antibodies to bovine or pig serum 
(1 :2 to 1 ;10 dilution of antigen). 

Case 1. This patient, E. St. C., came under observation at this hospital 
in October, 1940. She had had rheumatoid arthritis for 13 years and diabetes 
for 6 years. She had been treated from the beginning of her diabetes by 
members of the Joslin Clinic. They discovered that about 2 months after 
the beginning of insulin treatment her requirement for insulin rose to 400 to 

* I am indebted to Dr. F. B. Peck of Eli Lilly & Company for a supply of crystalline 
zinc insulin. 
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500 units daily. At times as mucli as 700 units daily were used in an attempt 
to control the glycosuria; she was resistant to any type of insulin, including 
crj'stalline insulin. In addition she had severe local reactions, resulting in 
subcutaneous nodules of inflammation and necrosis at the sites of injection. 
During her 4-month stay at the Massachusetts General Hospital the dosage 
of insulin varied between 150 and 450 unite daily. This resistant state was 



Fig. 1. — The insulin tolerance test of a patient with insulin resistance (E. St. C.) 
compared with that of a patient with ordinary diabetes. The “normal" insulin toler- 
ance i.s charted for reference. 


verified by the fact that 10 units of insulin intravenously failed to produce 
the expected drop in blood sugar. As shorni graphicalty in Fig. 1, the blood 
sugar of the usual diabetic falls rapidly to 47% of the fasting level in 90 minutes. 
In other words, the ordinary diabetic is “insulin-sensitive.” On the other 
hand, the blood sugar of this patient dropped verj' little, reaching 78% of the 
fasting level in 90 minutes. 
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The serum of this patient contained circulating antibodies to insulin to a 
dilution of antigen of 1:200,000 (Table 1) and also gave a positive Praussnitz- 
Kustner test. Several months previously, Dr. Paul Cannon® also had found 
agglutinins for insulin and passive-transfer antibodies in her serum. 

For several months after she left the hospital the insulin requirement was 
700 units daily, but by February 1942, when another blood sample was obtained, 
her requirement had dropped to 100 units daily. At this time the precipitin reac- 
tion was positive only up to a dilution of 1 : 800 . The serum still gave a positive 
Praussnitz-Kustner test up to a dilution of serum of 1 ; 90. At the present, the 
precipitin test is positive up to a dilution of 1 : 12,000, the passive-transfer test 
is positive up to 1:90, and the insulin requirement is 200 units daily. 

An attempt was made to determine the physiologic activity of this serum. 
Theoretically such a serum should protect an animal against a lethal dose of 
insulin; or, if injected into an animal ndthout insulin, it should cause a rise 
in blood sugar by antagonizing the animal’s omi insulin. The results of such 
experiments with this serum were equivocal, due, perhaps, to inadequate 
amounts of serum used. 

The results in 5 other cases are recorded in Table 1. The serum of 
2 patients (Tr. P. and A. LeV.) xvas made available through the 
kindness of Drs. Root and Marble. Both of these patients had gone 
through a period of insulin refractoriness for about a year. Their 
requirements ranged up to 2200 units daily, wdhch they received wdth- 
out interruption. Unfortunately their serum was not examined dur- 
ing this phase for precipitins or passive-transfer antibodies; but 
Marble, Fernald and Smith^® did find on 1 occasion an anti-insulin 
substance in the serum, which had a delayed effect. Later, when the 
requirement for insulin had returned to a level nearer normal (50 to 
60 units daily), their serum contained neither circulating antibodies to 
insulin, nor passive-transfer antibodies. 

The 4th patient (E. P.) wms first seen on the wards of the Massa- 
chusetts General Hospital -where his insulin requirement fluctuated 
between 100 to 140 units. At this time circulating antibodies against 
insulin were not demonstrable in the blood and it was felt that the 
high requirement for insulin was due to infection. Plowever, 3 months 
later, when his requirement for insulin rose to 200 units daily, a blood 
sample obtained for us by Dr. Root gave a positive precipitin test up 
to a dilution of 1 :800, and a moderately positive passive-transfer test. 
In addition 1 cc. of serum injected into each of 2 guinea pigs delayed 
the effect of a lethal dose of insulin in one, and neutralized it completely 
in the other. At present (a year later), his blood contains neither 
precipitins nor passive-transfer antibodies, and his insulin requirement 
is down to 46 units daily. 

The serum of the 5th case (H. T.) wms obtained from a patient of 
Dr. D. Hurwitz. No precipitins were found in this serum but a slight 
concentration of passive-transfer antibodies was demonstrable. The 
insulin requirement of this patient was only 160 units, indicating a 
rather mild degree of insulin resistance. Several months later the 
insulin requirement dropped to 60 units, but blood was not available 
for study. 

The last patient (A. jM.) displayed both insulin resistance and insulin 
sensitivity, and has been reported on by Dr. F. C. Lowell,^® who was 
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kind enough to send us blood specimens for study. Intravenous insulin 
had no effect upon the blood sugar of this patient. Samples of blood 
taken during the administration of insulin and 1 month after its 
omission failed to show precipitins or agglutinins. One cc. of serum 
injected intravenously into a rabbit had no effect upon the blood sugar 
level of the rabbit over a period of 4 hours. On the other hand, the 
Praussnitz-Kustner test Avas strongly positive, the reaction lasting 
over 1 hour. Moreover, 1 cc. of serum injected intraperitoneally into 
each of 3 guinea pigs either prevented or delayed the hypoglycemia 
produced by 0.2 mg. of crystalline zinc insulin. These experiments 
along with those in Case 4, although few in number, confirm the anti- 
hormonic effect of such serum. 

Discussion. The clinical fact that insulin, administered subcuta- 
neously or intravenously, fails to affect the blood sugar in an insulin- 
resistant diabetic, in the presence of various types of antibodies to 
insulin, suggests immediately that the antibodies to insulin are the 
cause of the resistant state. These antibodies, either circulating or 
fixed, are able to neutralize injected insulin so that the requirement for 
insulin to control the diabetes is considerably increased. In other 
Avords, antibodies to insulin are antihormonic. The demonstration of 
substances in the serum of such a patient, which protect animals against 
the hypoglycemic effects of insulin, is strongly confirmatory of this 
Auewpoint. Various types of antibodies are present, but not all types 
are demonstrable in any ghmn case. For example, the serum of Case 1 
failed to show biologic antagonism against insulin in spite of a high 
concentration of precipitins and passive-transfer antibodies, Avhereas 
the serum of Case 6 contained no precipitins but antagonized the action 
of insulin and gave a strong Praussnitz-Kustner test. 

The data obtained in Case 1 strongly suggest that the degree of 
insulin resistance parallels the concentration of antibodies. This is 
also suggested by the results in Case 4. Here the precipitin and pas- 
sive-transfer tests turned positive under observation as the degree of 
insulin resistance increased, and later became negative again as the 
insulin requirement dropped. In addition. Case 5 shoAved a negatiAm 
precipitin test and only a mild passiAm-transfer test in the presence of 
a mild degree of insulin resistance. 

The data in Cases 2, 3 and 4 suggest that the return of normal 
insulin sensithfity is dependent upon the disappearance of immune 
bodies. Similar fluctuations in antibodies have been observed in 
humans, such as the appearance of antibodies to coav’s milk protein, 
egg white and other proteins Avhen infants are first exposed to these 
foods and the subsequent disappearance of the antibodies, in spite of 
continued ingestion of such foods.' Likewise, I have observed the 
disappearance of antibodies to thjTOglobulin in rabbits • repeatedly 
injected Avith thjToglobulin. It Avould seem that repeated injections 
of insulin, rather than omission of insulin, offers a mode of therapy in 
bringing about desensitization and cure of insulin resistance. Theo- 
retically, the worst thing one could do in such cases is to ghm insulin 
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at infrequent intervals. Such a procedure should enhance rather than 
diminish antibody production. 

It has been reported by various investigators and confirmed by the 
results reported above, that the serum of insulin-resistant patients 
reacts almost alike with insulins from different animal sources, in spite 
of the fact that the resistant state may have been induced by a variety 
of insulia preparations. Moreover, such patients respond as poorly 
to one type of insulin as to another, including protamine insulin and 
crystalline zinc insulin. In other words, antibodies to insulin,- in 
common with antibodies to other hormones, are hormone-specific rather 
than species-specific? In the case of antibodies to thjnoglobulin, 
hormone specificity has been described by Hektoen and Schulhof^^ 
and by myself in the case of antibodies to the anterior pituitary this 
type of specificity has been described by various investigators.-^ 
Experimentally, the immunologic identity of insulins from various 
species has been shown by Lewis,^® who used the Schultz-Dale tech- 
nique, and by Wasserman and Mirsky,“ who used the complement- 
fixation reaction. 

It must be emphasized that hormone-specificity is onlj'^ .relative. 
The reaction of the antiserum may be greater with the hormones 
derived from some species than with those derived from otliers. It is 
weakest with the hormone derived from the donor species. For ex- 
ample, antiserum obtained by injecting rabbits with human thjrro- 
globulin is 100 to 1000 times as potent when tested with human 
thjToglobulin as when tested with rabbit thyroglobulin. By analogy, 
the serum from insulin-resistant patients should antagonize human 
insulin much less than insulins derived from other species. This fact 
may explain some of the results reported by Lowell.^® In his patient 
with insulin resistance, 30 units of human insulin caused a marked 
drop in blood sugar, whereas 30 units of crystalline insulin (animal) 
failed to do this. This is as expected on the basis of the analogy with 
thyroglobulin just mentioned. The comparison should be between 
30 units of human insulin versus 3000 or more units of crystalline 
insulin (animal). Furthermore, his inability to demonstrate “protec- 
tive antibodies” to human insulin in the presence of such antibodies 
to crystalline zinc insulin is also as expected. Any biologic protection 
test is undoubtedly too crude to detect slight amounts of antibodies 
to an antigen derived from the same species as the anti-serum is derived. 

It is interesting to speculate as to what happens to the patients who 
survive the period of insulin resistance. At present. Patient 2 is con- 
trolled by 50 units of insulin daily. Patient 3 by 63 units, Patient 4 by 
46 units, and Patient 5 by GO units. The first patient is still resistant, 
and there are no further data on the sixth. The patient reported 
by Wiener®® was controlled by 50 units of insulin 3 years after the 
episode of insulin resistance, and the patient of Glassberg, Somogyi 
and 1 aussig^® took 50 units for 14 years after recovery from the insulin- 
resistant state.* All of those patients were mildly diabetic before the 
phase of insulin resistance, requiring only small amounts of insulin to 

* End-results on last 2 cases cited by Glass, Spingarn and Pollack.'t 
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remain sugar-free. Only the patient reported by Glass, Spingarn and 
Pollack” remained a mild diabetic after recovery from insulin resistance. 
In view of the findings reported by the author” that animals immun- 
ized by th^Toglobulin become permanently mj^cedematous, one may 
speculate that patients immunized by insulin (insulin-resistance) may 
completely lose the capacity to produce insulin and thereby become 
total diabetics. If this is true, then such complete diabetics appar- 
ently require 50 to 60 units of insulin daily (Table 1). Stated another 
way, non-diabetic persons produce about 50 to 60 units of insulin daily. 

Conclusions. 1. Antibodies to insulin appear to be antihormonic. 

2. Insulin resistance is dependent upon the appearance and concen- 
tration in the body of antibodies to insulin. 

3. The return of normal insulin sensitivity is dependent upon the 
disappearance of the immune response. 

4. Repeated administration of insulin, rather than its omission, 
offers a means for overcoming insulin resistance. 

5. Antibodies to insulin simulate antibodies to other hormones by 
being hormone-specific rather than species-specific. 

6. Patients recovering from insulin resistance usually become severe 
diabetics, requiring 50 to 60 units of insulin daily. It is suggested that 
this represents the level of complete diabetes. 
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The bactericidal effect of germicidal mists and vapors on air-sus- 
pended microorganisms lias now been well established and demon- 
strated by many ini'estigatorsJ’'*’'’’'^'^ As a result of recent studies it 
appears that propylene or triethylene vapor offers certain advantages 
over the use of aerosols and mists previously advocated.®’®’®’^® The 
gljTols in vapor form are effective in such low concentrations as to be 
imperceptible in the treated space; they are odorless and non-toxic in 
the recommended quantities, and the amount necessary to produce air 
sterilization is so small that the cost is minimal. 

Most studies up to this time have been carried out in small test 
chambers with little accurate data available on large spaces. The chief 
obstacles to more careful study and application of glycol control of air- 
borne infections in a practical rvay have been the absence of effective 
and simple methods of introducing and maintaining adequate concen- 
trations in the desired space and the knowledge of distribution of the 
vapor in the space. This study reports findings on the distribution. 
Further information on the apparatus for glycol introduction will be 
published shortly. 

Materials and Methods. Location of Tests. All our studies were carried 
out in a special air-conditioned room (Fig. 1) which rvas constructed for 
ventilating research at Northwestern Technological Institute. This room, 
38 feet long, 17 feet wide, and 16 feet high, has a volume of approximate^' 
10,000 cu. ft. The walls, ceiling, and floor are cork construction for insulation, 
and the doors and windows are equipped with refrigerator type doors. For 
these experiments the ducts leading to and from the air-conditioning appa- 
I'atus were sealed off. 

Ghjcol Samplmg. The glycol determinations were made on 2 liter samples 
of room air when propylene glycol was analyzed and on a 1 cu. ft. sample of 
room air Avhen triethylene glycol was used. For the propylene this quantity 
was obtained by means of a pump displacing 2 liters of water in 10 minutes 
from one container to another, the air to be analyzed being bubbled through 
10 cc. of distilled water with the aid of a sintered glass disperser, ^^en 
triethylene glycol was recovered a gas flow-meter replaced the water bottles 
and 1 cu. ft. of air taken over a period of 10 minutes. Samples were obtained 
at floor level and at 5 and 10 foot levels at opposite ends of the room and at 
the center walls. 

* Permission to publish this paper has been granted by the Committee on Medical 
Research, National Research Council. 

The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Northwestern University. 
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Analyses were made by the methods described by Puck and Wise, using 
ceric sulfate for the propylene and potassium dichromate for the triethylene.® 
Thej’^ were recorded as milligrams of glycol per liter of air. 

Introduction of Vapor. Several methods for the production of glycol vapor 
were used in this study. An air scrubber was constnicted, in which room air 
was blown through a spray of liquid gtycol. The droplets were eliminated by 
a series of baffles and filters, permitting only the A'^aporized glycol to escape 



Fig. 1.— Test-room showing sampling apparatus, atomizer and circulating fans. 


with the carrier air. This proved to be a veiy satisfactoiy apparatus. Another 
method consisted of blowing room air over the surface of heated glycol. 
Finallj", glycol-tvater solutions of definite concentrations Avere heated to their 
boiling point and thus A^aporized into the room.* 

* A detailed discussion of the construction and operation of these devices is soon to 
be published. All methods could be controlled so that the quantity and rate of. emission 
of glycol vapor were regulated within close limits. Both the air scrubber and boiling 
de\'ices are satisfactory for large scale installation. 
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Memis of Air Agitation. Glycol samples were taken, when there was no air 
movement in the room and when air was agitated to varying degrees by means 
of circulating fans (Fig. 1).* The speed of the fans could be regulated by a 
variable transformer and the direction of air flow controlled by adjusting the 
angle of the fan-head. Agitation was also produced by the 100 cu. ft. per 
minute blower incorporated in the air scrubber. 

Bacterial Samples and Counts. Test organisms used were Staphylococcus 
albus and a guinea pig strain of hemolytic streptococcus (Streptococcus C). 
The suspensions of organisms were prepared by concentrating 50 cc. of an 
18 hour culture of the desired bacteria and resuspending the organisms in saline 
to a standardized concentration, 1 cc. of the suspension containing 1 billion 
organisms. This was then centrifuged, the supernatant fluid decanted, and 
the organisms again suspended to their pre\uous volume vuth filtered saliva. 
Saliva was used as the diluent since it has been noted that organisms suspended 
in this material remain in the air much longer than those introduced in broth 
or saline and we wished to simulate field conditions as closely as possible. 
The suspensions were sprayed by means of a modified Graeser atomizer^ which- 
produced an extremely fine mist. 

Bacterial samples were obtained by the use of the apparatus described by 
Moulton;^ 1 cu. ft. of air was drawn through 10 cc. of broth in the reservoir 
and 0.5 and 1 cc. samples were plated. Colony counts were made in the 
usual manner and recorded as numbers of organisms per cubic foot of air. 
Samples were taken in the same positions as those for glycol analysis, that is, 
at floor, 5-foot and 10-foot levels at opposite ends and the center of the room. 

A test was run as follows: the room was first thoroughly aired out by 
opening the windows and doors and turning on the two large circulating fans. 
It was then made air-tight and 10 cc. of the bacterial suspensions were sprayed 
directly under the two circulating fans revolving at medium speed (1350 r.p.m.) 
at the two opposite sides of the room. Simultaneous samples were taken 
immediately after the cessation of the spray and at intervals of 15 minutes 
for a total period of 2 hours. The doors and windows were reopened, the fans 
speeded up and the room allowed to air for 1 hour. The room was again 
sealed, the glycol vapor introduced, and 10 cc. of the same bacterial suspension 
used for the control test was sprayed under the fans. Simultaneous samples 
of both glycol and bacteria were taken as described. 

Control of Humidity. Since small quantities of glycol may collect on the 
hairs or fine strands of the usual type of humidistat, all observations on 
humidity were taken by means of wet and dry bulb thermometers. Although 
the scrubber and boiling apparatus w^ere able to maintain humidity fairlj' 
well it was sometimes necessary to introduce additional water vapor into our 
room, since it has been observed that in order to obtain optimum bactericidal 
effect from the glycol vapors a humidity of 35 to 40% is desirable. The addi- 
tional water vapor was added either by heating a container of water or by 
introducing steam in small quantities. 

Data. Distribution Studies. Our first object -was to determine if it 
were possible to build up an adequate glycol concentration in a space 
of 10,000 cu. ft. and maintain it for long periods. This can readily be 
done and may be produced by any of the methods described, taking 
30 minutes to 1 hour depending on the apparatus used. However, the 
necessity of maintaining adequate humidity causes certain limitations 
of methods of introduction. 

An adequate glycol concentration may be attained theoretically in a 
space B'ith no air agitation by allowing the vapor to diffuse slowly 
throughout the room. However, it 'would appear from repeated ob- 
servations that some means of air agitation is necessary to produce uni- 

* We wish to acknowledge the cooperation of the Reynolds Electric Company, 
Chicago, 111., in suppljnng us with these fans. 
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form and rapid distribution. This is particularly true if the space is 
irregular in shape. 


Table 1. — Rate of Fall of Propylene Glycol in Test-room 

Gij'col concentration in room air (mg. per liter) 


Time At floor level At 5 feet At 10 feet 

Generator off 0.195 0.202 0.269 

2 hours later 0.196 0.149 0.145 

4 “ “ 0.148 0.110 0.110 

6 “ “ 0.132 0.100 0.105 

24 “ “ 0.048 0.048 0.0.37 

26 “ “ 0.063 0.052 0.052 

28 “ “ 0.0.32 0.040 0.028 

30 “ “ 0.036 0.017 0.026 


The rate of fall in concentration of glycol in the air was determined 
for our test chamber, and a tj^pical experiment is shown in Table 1. 
These values were obtained in the following manner: glycol vapor 
was introduced into the room and samples were taken until a satis- 
factory^ concentration of glycol in the air was reached. The glycol 
“generator” was then turned off, the room sealed, and air samples 
taken at the inten’als shown in the table. The concentration held up 
quite well as might be expected in this space. It was of interest also 
to note that with very' gentle air agitation there was no evidence of 
stratification of glycol vapor in our room (Table 2). The samples 
taken at floor le3^el, at 5 feet, and at 10 feet were all of equal 
magnitude. We should also like to point out that even though the 
space was relatively'- air-tight it was necessary to introduce a glycol 
concentration from 50 to 100% greater than the ultimate concentration 
desired in the room to compensate for exfiltration of air. 


Table 2. — Distribution a.vd Co.ncbntration of Propylene Glycol 

IN Test-room 


Time 

Glycol generator 
1 hour 

1 hour later 

2 hours later . 

O 


operating 


Glycol concentration in 
room air (mg. per liter) 

Mr. glycol per 
liter in air 
delivered from 
generator 

At floor level 

At o feet 

At 10 feet 

for 

. 0.090 

0.08.3 

0.087 

0.229 

. 0.127 

0.138 

0.107 

0.312 

. 0.125 

0.182 

0.125 

0.307 

. 0.207 

0.164 

0.185 

0.326 


Although the figures recorded on -these protocols are for propy'lene 
gly^eol, repeated tests using triethylene glycol showed no difference in 
the behavior of this vapor in the atmosphere. 

Bacterial Studies. As a further “check” of the distribution, tests 
on the bactericidal action of the gtycol vapor were made. We were 
interested in obtaining the immediate killing effect rather than death 
after prolonged periods of exposure. It was found that whereas in 
small chamber experiments immediate killing occurred with concentra- 
tions of 0.02 mg. of propydene glycol per liter, a concentration of 0.2 mg. 
per liter was necessary in the large test-room. When triethylene glycol 
was used an immediate and striking effect was produced in our space 
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with a concentration of 0.005 mg. per liter. The following 2 protocols 
(Tables 3 and 4) illustrate our findings. Photographs of these data 
are shown in Figures 2 and 3. 


Table 3.— Effect of Propylene Gly'col Vapor on Streptococcus C 

No. colonies per cu. ft. 


Vapor ^ 
concentration 


0 2 mg. per liter 


Humidity 

(%) 

Time interval of samples 
(after spraying) 

Control 

Test 

42 

Immediately after 

4166 

0 

42 

15 minutes later 

3120 

0 

42 

30 

1760 

0 

42 

60 

442 

0 


It was observed that in order to produce this effect with either glycol 
a humidity of about 40% was necessary. When the humidity was 
lower or when the concentration of glycol in the air was lower, 
definite reduction of bacterial counts could be produced with no 
recovery of viable organisms after periods of 30 minutes to 1 hour after 
exposure. However, for the purpose of adequate and preliminary wide 
scale testing we felt that the immediate killing effect should be sought. 
This is perhaps a higher concentration than might ultimately be desired. 


Table 4.— Effect of Propylene Glycol Vapor on Staphylococcus albus 


Vapor ^ 
concentration 


0.2 mg. per liter 


No. colonies per cu. ft. 


Humidity 

(%) 

Time interval of samples 
(after spraying) 

Control 

Test 

41 

Immediately after 

9750 

0 

41 

15 minutes later 

9360 

0 

41 

30 

9260 

0 

41 

60 “ “ 

3220 

0 


Discussion. Since we have observed that there is ready diffusion of 
vapor about the space to be treated it would theoretically be possible 
to introduce glycol vapor into a space and allow it to distribute itself 
spontaneously. However, from a practical standpoint this -would’ 
never be adequate to insure uniform distribution due to air currents 
in and out of the space and leakage of air out of the space. Thus it is 
necessary to have some means of air agitation. This may be produced 
either by the presence of circulating fans or by a simple duct system. 
The size, speed, number, and position of the circulating fans must be 
determined by the physical characteristics of the space to be treated. 
For portable and emergency use this tjqie of fan is the simplest and 
easiest to use. 

When a more permanent installation is feasible a duct system may 
be constructed. Since glycol is a ^elati^'•elv inert substance the con- 
struction of these ducts may be simple. They may be made of almost 
any structural material ranging from fiber board (masonite) to metals. 
An example of this type of duct layout is shown in Figure 4. Observe 
that a duct leading outside is installed. The quantitj^ of outside “ fresh 
air” introduced may be regulated by a damper. Our plans have con- 
templated 10 cu. ft. per minute for each individual in the space but 

* ^lisunderstanding and confusion have arisen from the expression of glycol con* 
centration in parts per million’* used in previous publications. For this reason we 
suggest the use of weight per volume (milligrams per liter of air). This may be con- 
verted to grams per million ec. of air if one so desires, for comparison with published data. 
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this amount may be reduced in many installations. If this untreated 
air is introduced in the duct system it not only affords fresh air for the 
occupants but enables thorough mixing of the glycol vapor with it 
before it is distributed through the blowers into the room. Thus we 
would have a room relatively air-tight with all outside air coming into 
the space being controlled for adequate volume and glycol concen- 
tration. 



Fig. 4.— Layout of duct sy.sfem for distribution of glycol vapor. 


When glycol vapor is introduced into a space the desired concentra- 
tion may be readily attained. The problem then to be met is the 
maintenance of this concentration in the room. It has been found that 
many factors operate to cause a decrease in this concentration. The 
most important is the normal air exchange, infiltration and exfiltration, 
that takes place in any space. Even in especially built chambers con- 
structed so that all possible points of egress are sealed it is difficult 
to prevent air exchange. In normal living spaces under wind}' conditions 
this air exhange may be as high as 8 changes per hour, depending upon 
the tightness of construction and the number and locations of doors 
and windows. Normally the air changes per hour lie in the range from 
5 to 3. 

Other causes for a decrease in concentration are condensation of the 
vapor on cold surfaces, absorption of the vapor by the clothing of the 
occupants and other surfaces in the room, and the aetual metabolism 
of glycol which might occur by the occupants breathing the air. 

During the course of our experiments we found that when air super- 
saturated with glycol was introduced a fog occurred in the room.* 
This phenomenon occurred more readily when the temperature Avas low 
and humidity Avas high in the space. When the concentration of 

* In the course of a study on the possible fire hazard produced by the glycols it has 
been found that this supersaturated air is not without danger. These data are in press. 
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propjdene glj'col was over 0.5 mg. per liter, or the concentration of 
triethylene glycol reached a level of about 0.01 ing. per liter, fog 
resulted. This, of course, is objectionable in occupied rooms and limits 
the method of glycol introduction as well as necessitating careful control 
of concentration. Further observations on fog formation are being 
carried out.' 

Thus the actual rate of introduction of glycol into any space must be 
determined for each space to be treated. We hai'e developed several 
means for automatic control which will be reported in subsequent 
publications. 

The necessity for maintaining adequate humidity also raises certain 
difficulties in the problem of maintaining bactericidal activity. Since 
the greatest incidence of respiratory disease occurs during the cold 
periods of the year and since cold weather is accompanied by low 
relative humidities in heated spaces, water vapor as well as glycol 
vapor must be introduced into the space. If an air-conditioning unit is 
in operation this may readily be attained; however, since such appa- 
ratus is not usually available, moisture must be added in some other 
way. It may be introduced in the form of steam or may be produced 
along with the distribution of the glycol vapor. 

Summary and Conclusions. 1. The production and maintenance of 
glycol vapor in adequate concentrations in large spaces is possible and 
readily attainable. 

2. Glycol vapor diffuses freely throughout large spaces and no 
stratification of the gas occurs. 

3. Some means of air agitation is desirable to insure adequate dis- 
tribution. 

4. Bactericidal activity occurs in large spaces as well as small test 
chambers. 

5. Concentration of 0.2 mg. per liter of propylene glycol and 0.005 
mg. per liter of trietliA-lene glycol are necessary for immediate killing 
of the air-borne microorganisms. Lesser concentrations may suffice to 
control air-borne disease. 

6. Maintenance of humidities in the region of 40% is necessary. 
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INFLAMMABILITY CHARACTERISTICS OF PROPYLENE GLYCOL 

AND TRIETHYLENE GLYCOL IN LIQUID AND VAPOR FORM* 

By Edward Bigg, M.D. 

Burgess H. Jennings, B.E., ]M;S. 

AND 

Sherman Fried, Ph.D. 

EVANSTON, ILL. 

(From the Northwestern Technological Institute and the Department of Medicine, 
Northwestern University Medical School) 

The recent observations on the effectiveness of certain glycol vapors 
in bringing about striking air sterilization present a most promising 
method for the control of airborne disease. It has been shown that 
the use of those substances, particularly propylene gl.ycol and tri- 
ethylene gl^^col, offers definite advantages over measures previously 
described. Bactericidal and idrucidal concentrations of propylene or 
triethylene glycol vapor are odorless, non-toxic, effective in extreme 
dilutions, easy to distribute and reasonable in cost.^ 

In view of the possible widespread use of these materials as a means 
of prevention and control of airborne infection the following study was 
carried out to ascertain the fire hazard which might be created by their 
presence. 

Since glj'cols are highly hygroscopic and freely miscible with water, 
one must assume that only rarely will water-free, 100% glycol be 
present except in storage. The glycol condensed on surfaces, that is, 
walls, ducts, windows, and so forth, will contain water, the proportion 
of water in the condensate being dependent upon the relative humidity 
and temperature of the space treated and the temperature of the con- 
densing surfaces themselves. 

Propylene Glycol. The physical properties of propylene glycol are as 
follows: Molecular weight, 76.06; boiling point, 368° F. at 14.7 p.s.i.; specific 
gravity, 1.0381; vapor pressure, 0.18 mm. Hg at 68° F.; and pounds per 
gallon, 8.64. Flash point data (furnished by the Carbide and Carbon Chemi- 
cals Corporation) determined by means of the open cup method, are as fol- 
lows; 100% glycol flashes at 220° F.; 95% at 225° F.; 90% at 245° F.; 85% 
or lower — no flash point is evident. 

Experiments Conducted. Open Dish Tests. Varjdng glycol-water solutions 
were placed in small evaporating dishes and the flame of a Bunsen burner was 
allowed to play over the surface of the fluid mixture. After about 60 seconds 
of heating, the contents of the dish containing 100% propylene glycol could 
be ignited and it burned with a blue flame until all of the liquid was consumed. 
A 90 % mixture could also be ignited, although the flame had to be held over 
it for 2 or 3 minutes. An 80% mixture burned with even greater difficulty, 
requiring 4 to 5 minutes to ignite. Using 75% glycol, the mixture was ignited 
but after a few minutes the flame spontaneousb’^ went out. Mixtures contain- 
ing 70 % gljTol or less could not be ignited unless they were violently boiled 
for a few minutes. It would appear that the more concentrated solution, 
resulting from the loss of water vapor, alone was inflammable. 

* The work described in this paper was done under a contract, recommended by (lie 
Committee on Medical Research between the Office of Scientific Research and Dc^'elop- 
ment and Northwestern Universitj'. 
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A ‘theslos Wick Tests . Using a like series of concentrations as in 
tests asbestos wicks Avere wetted with the appropriate solution and ignited 
bv means of a Sen burner flame. Results very similar to those described 
ndth the open dish were obtained; that is, as the amount 9^ ™ ^ 

solution was increased it became more and more difficult lo ignite the wick. 
The 75% solution did not propagate flame, and lesser solutions were non- 

’^^llMTeds. When lighted matches were dropped 

slight flame about the match persisted for a few minutes with 100% go col, 
but no flame occurred with solutions of 90% glycol or less. 



Fig. 1. — Eudioineter submerged in basin o( glycol for vapor explosion tost. 

Fabric Tests. Silk, rayon, wool and cotton were immersed in varying solu- 
tions. If these materials ivere allowed to dry (to the touch) there tvas no 
increase in their combustibility. However, tvhen u'et Avith the solution they 
behaved as did the asbestos Avicks except that in these cases the material itself 
also contributed to the combustion. 

Spark Tests. It was impossible to ignite 100% glycol at room tempera- 
ture by means of a spark produced by a spark coil. 

_ Eudiometer Studies. ^ A short eudiometer (Fig. 1) w'as arranged for immer- 
''cu containing 100% glycol solution. The eudiometer Avas par- 

tially failed Avith mr and a spark was sent across the gap by means of a high- 
frequency induction coil. An explosion of the gas could not be obtained until 
the temperature of the liquid reached 214° F. If the liquid contained as little 
as 0 % Avater, no explosion of the resulting vapor could be obtained. It was 
calculated that the concentration of propylene glycol in the explosive gas 
mixture AA^as 8o.o mg. per liter. a 

Flame Propagation of Unheated Glycol A film of 100% glycol was spread 
oil a stone sui face and a lighted match A\'as placed at one end. The match 
burned for about 10 seconds, then Avent out spontaneously. A long stream of 
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the same material was also spread on a stone surface and again there was no 
spread of flame, the match going out after 60 seconds. 

Condensation Studies. To determine the actual concentration of conden- 
sates occurring in conditions simulating field conditions, the apparatus shown 
in Figure 2 was constructed. Air was first humidified by bubbling it through 
water; it was then passed over an aqueous glycol solution which was waimed 
in a constant temperature bath. The resulting gases were then introduced 
into a glass chamber of 2 cu. ft. capacity. The humidity of the incoming air, 
as well as its glycol concentration, was regulated b5'’ changing the temperature 
of the water-bath or bj’’ increasing the percentage of water in the glycol-water 
solution. The atmosphere of the chamber was agitated b}'^ means of a small, 
3-inch fan, and the humidity was determined by means of a wet^diy bull? 
thermometer. Two-liter samples of the chamber air were withdrawn for gly- 
col a^alJ^ses. 



Fig. 2 — Determination of concentration of condensates. 


Tabt-e 1. — Condensation Studies 


Propylene glycol 
concentration 

Chamber 

Chamber 

Condeiiber 

Condenaatf 

humidity 

temperature 

(°F.) 

temperature 

concentration 

(mg. per liter) 

(%) 

(°F.) 

(%) 

0.149 . . , 

, . 60 

78 

32 

5.0 glycol 

0.169 . . . 

. . 50 

78 

32 

11.5 

0.170 . . . 

. . 37 

82 

32 

3.0 

0.20S . . . 

. . 43 

82 

32 

5.0 

0.211 . . . 

. . 47 

70 

32 

10.0 

0.217 . . . 

53 

78 

32 

5.0 

0.162 . . . 

. . 46 

78 

0-32 

5.0 

0 172 ... 

. . 60 

79 

0-32 

5.0 

0.186 . . . 

. . 60 

SO 

0-32 

0.5 

0.196 . . . 

. . 60 

75 

0-32 

17.0 

0.251 . . . 

. . 44 

79 

0-32 

31.5 

0.290 . . . 

. . 04 

78 

0-.32 

7.0 

0.300 . . . 

. . 52 

79 

0-32 

16.1 

0 310 ... 

. . 01 

79 

0-32 

7.2 

0.323 . . . 

. . 60 

78 

0-32 

0.0 


A standard 1-liter, round-liottomed flask was suspended in the chamber. 
A teat was fused to the bottom of the flask, allowing the condensate to drop 
into a watch crj’stal placed beneath. The flask was then filled with ice and, 
to obtain lower temjieratures, with salt-ice mi.xtures. The samples of conden- 
sate were analyzed for glycol content by means of refractive indices. Observa- 
tions are listed in Table 1. It may be seen that in a space, the humidity range 
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of which is 37 to 61%, with a temperature as high as 82 F., containing a 
TOiSensing surface as low as -82° F., arid filled with a maximum of 0.323 mg. 
of propylene glycol per liter, no inflammable condensate results. This is 
particularly striking since adequate bactericidal action occurs m air containing 

0 1 me. propylene glycol per liter. . , 

Triethylene Glycol. The physical properties of tnethylene glycol are as 
follows; Molecular weight, 150.17; boiling point, 518° F. at 14.7 p.s.i.; ^ecific 
gravity, 1.1254; vapor pressure, 0.01 mm.Hg M 68 

gallon, 9.37. Plash point data furnished by the Carbide and Carbon Chemi- 
cals Corporation, determined by means of the open cup method, are as Mlows . 
100% glycol flashes at 330° F.; 95% at 345° F.; 90% or lower, no flash point 

Tests on inflammability using the open dish method, flame propagation, 
fabric wicks, spark coil and matches, gave results practically ident^al with 
propylene glycol. In the eudiometer an explosion occurred at 356 F. with a 
calculated vapor concentration of 130 mg. per liter. If any water were present 
in the glycol no explosion could be obtained. 


Discussion. Since the concentration of propylene glycol and tri- 
ethylene glycol vapor necessary for bactericidal action is 0.1 mg. per 
liter and 0.005 mg. per liter, respectively, it is obvious from the above 
observations that there is no hazard produced by the presence of this 
quantity of vapor in the air. In the case of propylene glycol, 855 times 
this amount is necessary to produce an explosive mixture, and for tri- 
ethylene glycol 26,000 times this quantity must be present. This 
explosive property, however, must be considered if an apparatus intro- 
ducing superconcentrated gaseous mixtures is used, for at the point of 
exit of the gas such a concentration might possibly be attained. 

The possibility of danger arising from the condensation of glycol on 
cold surfaces in the treated space must be considered even though, as 
has been shown, using the maximum glycol concentration plus a high 
humidity and low temperature on the condensing surface, very dilute 
aqueous solutions of glycol were obtained. It wovdd appear that since 
relatively intense and prolonged application of heat is necessary to 
ignite solutions containing as little as 30% water, there is little chance 


for glycol condensates to burn in ordinary use. If, however, a fire 
should occur in such a treated space due to other causes, the heat pro- 
duced would probably bring about the loss of water from the conden- 
sate and thus the glycol might add to the general conflagration, just 
as the other objects or material .present, that is, woodwork, bed- 
clothing, and so forth. 

Another source of danger would be at the area of storage of the 
gbcol, here, too, if intense and prolonged heat/were applied, fire might 
occur. It might be noted that this danger is no greater than that 
produced by the storage of other combustible materials, such as fuel 
oil. This hazard could be reduced by storing the glycol, not as 100% 
inMerial, but as aqueous solutions containing as much as 20% water. 

lere \\ ould appear to be little difference between propylene glycol 
and tnetlylene glycol as far as fire hazard is concerned. According 
0 the code the Kew York City Fire Department, pure propylene 
g ycol is classified as not combustible but inflammable, and triethvlene 
as neither comhustihle nor inflammable. The smaller quantities of 
tnetli>Iene glycol necessary to produce sterilization of the air neces- 
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sarily results in a lesser amount of condensed glycol or surfaces. This 
is a matter of degree, particularlj’- of time during which the substance 
is used. 

Conclusions, 1. In the vapor-phase concentration required for air 
sterilization, propylene and triethylene glycol offer no fire or explosive 
hazard. 

2. The addition of water to these substances greatly reduces the 
possible fire hazard produced by their presence in storage or vaporizing 
devices. 
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THROMBOPHLEBITIS AS A HITHERTO UNREPORTED 
COMPLICATION OF THIOCYANATE THERAPY 
OF HYPERTENSION 

By Arnold Koffler, M.D. 

AND 

A. W. Freireich, M.D. 

NEW YORK, N. Y. 

(From the Fourth Medical Division, Bellevue Hospital) 

In the past 3 years we have treated 40 cases of essential hypertension 
with potassium thiocyanate.- These cases were carefully studied, 
including frequent blood thiocyanate levels, according to the method of 
Barker.^ The clinical results of these studies are reported elsewhere.” 

The purpose of this paper is to report on the occurrence of thrombo- 
phlebitis as an apparently unpublished complication in the administra- 
tion of potassium thiocyanate. 

Of the 40 patients treated, 4 exhibited this complication. Such high 
incidence makes us feel that it is not a mere coincidental finding but a 
definite toxic effect. 

The usual toxic effects that have been reported are dermatitis, weak- 
ness, dizziness, loss of appetite, and easy fatigability. Angina pectoris 
in the course of therapy has also been reported.® We haVe observed 
1 case of coronary thrombosis in a. patient taking the drug, but this 
complication is not so very unusual in the course of untreated hyper- 
tension. Venous thromboses in the extremities have never, to our 
knowledge, been pre^dously reported. 

Case Studies. Of the 4 cases observed we shall report in detail the following 
one: 

Case 1. B. E.., a white male, age 51, was first seen in the clinic on Dec. 28, 
1937. He was admitted with complaints of generalized throbbing headaches, 
poor memory, dizziness, d 3 "spnea, orthopnea, palpitation, precordial pain, 
nocturia and fatigue. 

The blood pressure on admission was 238/130. A 6-foot film revealed the 
heart to be enlarged in all diameters, accentuation of the left ventricular 
curve, and dilatation and tortuosit 5 ' of the aorta. The electrocardiogram 
showed delation of the electrical axis to the left. A pyelogram made at 
(another hospital had been reported as showing some shagginess of the cah'ces 
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of the right pelvis. Intravenous pyelography perfomed when patient was 
admitted^to the ward revealed both kidneys to be normal in size, ^ 

nnsifion The oelvcs calvces and ureters were nomal bilaterally. The blood 

hemoglohm 85% Ted blood oelle 4.65 mdh™. 
white cells 6600 per c.mm., with 80% polys and 20% lymphocytes. _ The non- 
protein nitrogen of the blood was 31 mg. per 100 _cc., the creatimne 2, and 
the uric acid 3.6. The urine revealed a specific gravity of 1.018 and contained 
a trace of albumin. Occasional hyaline and granular casts were seen on micro- 
scopic examination, as well as an occasional red blood cell and i to 3 wnite 

cells per high-poiver field. , • , 

Alter a period of observation of slightly over 3 years, during which tu^ the 
blood pressure Avas persistently at a high level with the systolic at 190 to 
260 mm. Hg and the diastolic at 130 to 150 mm. Hg, he was started on potas- 
sium thiocyanate therapy. The initial dose was 0.1 gm. 3 times a day, and 
after a week a blood level of 4 mg. thiocyanate per 100 cc. was reached. The 
blood pressure, however, remained at 257/140. On the same dose, a week 
later, the blood pressure was 232/140 and the blood thiocyanate, 4.2 mg. 

per 100 cc. . , . , i 

A slight dermatitis of the scalp was noted but it was decided to continue the 
thiocyanate therapy and the dose was increased to 0.2 gm. 3 times daily. 
A week later the determination of thiocyanate in the blood .showed a level of 
6.9 mg. per 100 cc., but the blood pressure remained elevated, the systolic 
being 226 and the diastolic 130. The dermatitis had cleared and the patient 
claimed to be subjectively improved, stating that the severe headaches had 
abated. The dose was increased again to 0.3 gm. thrice daily. There was no 
increase in the blood thiocyanate, the concentration remaining at 6.45 mg. 
per 100 cc. The blood pressure was still high so he was given 0.4 gm. 
3 times a day, a total of 1.2 gra. daily. This time a blood level of 10.8 mg, was 
reached. There was no perceptible lowering of the blood pressure. The dose 
of 1.2 gm. daily was continued for 2 w'eeLs when he began to show some nausea 
and loss of appetite and it was decreased to 0.3 gm. daily, lowering the con- 
centration of thiocyanate in the blood to 5.5 mg. per 100 cc. The blood 
pressure had not been lowered at all but the patient stated that he felt better 
while on the medicine. It was therefore continued. After having received 
thiocyanate for 6 months he developed a thrombophlebitis in the left leg. 
Since there had been no objective evidence of clinical response to the thio- 
cyanate therapy, the drug was discontinued and the phlebitis treated with rest 
and cold application,^ The acute inflammatory symptoms subsided readily, 
but the superficial veins could be palpated as hard cords. 

Now the patient began to complain of a return of liis headaches, dizziness, 
and visual disturbances consisting of seeing “snow falling.” When all evi- 
dence of acute ii^ammation had subsided the thiocyanate treatment was re- 
instituted and nothin a month he presented evidence of phlebitis in the other 
leg. The thiocyanate was again discontinued, and started again after acute 
inflai^ation had subsided. Four months later there was a reappearance of 
the phlebitis in the right leg and also evidence of inflammation and thrombosis 
m and around the veins of the right arm and forearm. This time the drug 
was discontmued and has not been resumed. The patient is still under treat- 
ment and IS runnmg a consistently high blood pressure of about 250 mm He 
sytohc, and 150 mm. Hg diastolic. ' 

. addition to the above case thrombophlebitis was also encountered 
in S other cases m our series. Short summaries of these cases are 
herewith presented; 

cvSmte oiroJt 'll ^Q 4 n ™ potassium thio- 
230/120 On n If’i pressure at the start of treatment was 

19 me ne, 100 1 Li H thiocyanate level was 

non! 1 decreased to 0.1 gm. twice daily, when the con- 

centration in the blood was reduced to 12.5 mg On April 8^ 1941, the blood 
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pressure had been reduced to 170/110, but a phlebitis of the veins about the 
left ankle was discovered and the drug Avas discontinued. 

Case 3. M. D., a Avhite female, age 52, Avas taking thiocyanate for a period 
of 3 years AA-ith a satisfactorj’- loAvering of her blood pressure, and maintaining 
a blood thiocyanate leA^el betAA’een 8 and 10 mg. On Januarj'^ 26, 1943, approxi- 
mately 3 3 ’ears after she had started taking thiocj'^anate, there developed a 
swelling of the left leg Avith patchy areas of redness and tenderness and the 
drug Avas discontinued. 

C.ASE 4. — H. S., a white male, age 71, Avas giA-^en potassium thioc 3 '^anate in a 
dose of 0.1 gm. 3 times a daj' and after 1 week shoAA'ed eAudence of thrombo- 
phlebitis. The drug Avas discontinued before an 3 ’^ blood leA’'eI AA'as obtained. 

Summary and Conclusions. Four cases of thrombophlebitis are re- 
ported as occurring in the course of therapy of h3T5ertension AAuth thio- 
C 3 'anate, an incidence of 10%. This high frequenc}' is much greater 
than can be explained on pure coincidence and must be accepted as a 
toxic effect Avhich has not been preA'ioush' reported. 

It does not appear to be related to the IcAml of thioc 3 mnate in the 
blood, and maj- occur earlj- or late in the course of treatment. 
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A CASE OF ACUTE MENINGITIS CAUSED BY 
NEISSERIA PERFLAVA 

By Laavrence H. Sophian, A.B., M.D., Surg. (R.) U.S.P.H.S. 

FEDERAL SECCRITY AGENCA', V. S. PUBLIC HEALTH SERVICE, WASHIKGTOK, D. C. 

In the Avinter and spring of this 3 ’ear, meningococcus meningitis 
assumed epidemic proportions and a considerable number of cases A\'as 
seen at this hospital. The effectiveness of sulfonamide Avas striking. 
Consequentl.A', it became important to us to investigate thorough^" 
anA' cases in Avhich therap 3 ’^ failed. One such case was seen earl}^ in its 
course, Avas treated Avith large doses of sulfap3Tidine and finall3' AA’ith 
antimeningococcus serum and, nevertheless, resulted in a fatality. 
Cultural examination of the organism obtained from the spinal fluid 
has demonstrated that it is not a meningococcus but a chromogcnic 
diplococcus of the phar 3 'ngeal group, and bA' its fermentation reactions 
is classified as Neisseria 'perflava. Cases of meningitis caused b 3 " 
pharATigeal Neisseria have been reported occasionall}'^*-^''* and a group 
of 14 cases from one outbreak of meningitis AA’as reported by Branham.^ 
Since these organisms are serologicallA' distinct from the meningococcus, 
antimeningococcus serum is ineft'ecti\'e. In our case, chemotherapA^ 
bA' the sulfonamide group was unsuccessful. 

Case Study. R. •!., a 31 A’ear old merchant seaman, Avas admitted to the 
hospital late on the night of April 25, 1943. He seemed acuteb’ iU, had 
hallucinations and tremor and gaA'e a hLstor 3 ' of recent alcoholic intoxication. 
The nose and throat AA'ere congested and the temperature Avas 37.6° C. Dur- 
ing the following 24 hours, his mental condition became worse and he began 
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to thrash around restlessly with rolling eyes Exatninatiou did riot reveal any 
injury to the head or body. The pulse was 140 and temperature 38.2. Sm eial 
•small red spots (petechimj were noted m the skm of the abdomen and chest. 
Positive Babihski, Oppenheim and Gordon signs were found on the left side, 
a partial Babinski on the right side and the Bnidzmski tests were positive on 
both sides. There was extreme rigidity of the neck and the Kernig sign was 
positive. The patient responded only to painful stimuli. . , m, 

Spinal tap 'was done on April 27. The fluid was cloudy 
initial pressure was 220 cm. This fluid revealed cell count of 15,000, rMStlj 
neutrophils. Gram-negative intracellular diplococci were present. These 
organisms appeared larger than the usual strain of Neissena inlraceilularis, 
.Six gm. of sulfapyiidine were administered intravenously follmved by 1 gin. 
every 4 hours for a total of 21 gin. During the next 24 hours, he also received 
120 cc. of antimeningococcus serum. A second spinal tap revealed increased 
cloudiness of the fluid. The color was greenish-yellow and the pressure 250 cm. 
Since the clinical condition was deteriorating, 20 cc. of antimeningococcus 
serum was administered intraspinally on April 29. The temperature con- 
tinued to rise on the 29th, passing 40° C., and on the 30th, reached 41.8°. 
Death occurred late that night, 5 days after admission. 

Autopsy revealed no essential morbid processes except in the head. A ver}^ 
thick, greenish-yellow exudate was found closely attached to the base of the 
brain from the region of the optic chiasm back to the medulla. In places, the 
exudate was 1.5 cm. thick and on section revealed cavitation with free pus 
enclosed in the pia-arachnoid. 

In the routine examination of the base of the skull, it was apparent that the 
thickest exudate was localized around the pituitary. When this was removed, 
an oval fenestration in the floor of the pituitary fossa was revealed, measuring 
approximately 4 mm. in diameter. Its edges were smooth and through it the 
interior of the sphenoid sinus was plainly insible. No other lesions or defects 
of the skull were found. The contents of the sphenoid sinus consisted of thin 
mucus without gross pus. 

Microscopic examination showed an unusually dense exudate of neutrophils 
in the pia and arachnoid. There was no extension of the e.xudate around 
the cortical vessels. A striking finding rvas the presence of masses of exudate 
with necrosis and the fonnation of small abscesses in the anterior lobe of the 
pituitaiy. This unusual site and the intensity of the inflammatory process 
in this area supported the conjecture that the portal of entry was the defect 
in the floor of the pituitarj’' fossa. 

The spinal fluid and the exudate at the base of the brain were cultured on 
the modified McLeod medium used for Neisseria in this laboratory. An 
abundant growth of greenish-yellow, slightly raised discrete colonies developed 
m 24 hours. Even at this eaily period, the chromogenesis was apparent. 
I'ennentation was noted in media containing dextrose, maltose, levulose, 
sucrose and mannitol. The organism showed no agglutination by polyvalent 
anti-ineningococcus seimm. 

Discussion. Branliam,i commenting on the significance of atypical 
Neisseria as the causative agents of meningitis, states, "The natural 
liabitat of the genus Neisseria, other than the gonococcus, is the 
nasopharynx, hleningeal invasion by any of these other than the 
inenmgococcus is only of occasional occurrence. ” However, her report 
01 14 cases caused by a homogeneous group of chromogenic Neisseria 
leads one to believe that the pathogenic activity of these organisms 
outveighs their biochemical and cultural peculiarities in establishing 
their identity as meningococci. On the other hand, Wilson and 
bm,th- suggest that all Neisseria differing from typical meningocooci 
and gonoTOcci he placed together in one species. tVcmcrio plmryngis. 
Ihe problem of classifying atypical Gram-negative diplococci is quite 
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different in meningitis from what it is in case-finding studies in gonor- 
rhea. Although gonococci exhibit constant morphologic and bio- 
chemical characteristics, meningococci show variations ' in regard to 
fermentation and antigenic composition. Reimann and Ivoucky^ cul- 
tured from a case of meningitis an organi.sm which was chromogenic, 
produced acid in glucose and lactose and was not agglutinated by 
polyvalent antimeningococcus serum. They regard these deviations 
as “part of the pattern of variation of the bacterium concerned.” It 
seems to us that the inclusion among Neisseria intracelhtlaris of 
organisms differing in fundamental characteristics from the recognized 
.strains leads to confusion. The application of bacteriologic or other 
scientific sj'stems to medicine is pragmatic, and for the physician the 
difference between an organism susceptible to a specific serum or 
chemical and another, however closely related one, insusceptible to 
these agents is essential. 

Summary. A case of acute meningitis is described differing clini- 
callj' from mem’ngococcus meningitis in failure to respond to sulfon- 
amide and serum therapy. The causative organism was Neisseria per- 
flava. It appears that the unusual nature of the invading organism 
might have been suspected from the pigmentation of the spinal fluid. 
The portal of entry found at autopsy was a congenital defect in the 
roof of the sphenoid sinus. 
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A CASE OF HISTOPLASMOSIS (DARLING) WITH AUTOPSY 
By Lt. Col. S. H. Colvin, -Ir., IVI.C. 

C.APT. Ira Gore, iM.C. 

AND 

Lt. INIichael Peter.s, I\I.C. 

STATION HOSPITAL, FORT BENNINU, GA . 

H 1 .STOPLA.S.MO.SIS was first described by Darling in 190G and 1908. 
Since that time the diagnosis has been made with increasing frequency. 
In this report the literature will not be reviewed, as this has been done 
recently by IMelenet',® Wright and Hachtel,^ and others, and the 
cultural characteristics adequately covered by De IMonbreun.' To 
those cases already reported in the literature the authors wi.sh to add 
another. 

Case Report. (A-G8-42, A.M.M. Acc. 89.561, Fort Benning). C. L. P., a 
2.3 j^ear old colored male, a laborer from Alabama, was admitted to the Station 
Hospital, Fort Benning, Ga., on Oct. 22, 1942. Before coming under Qb.serva- 
tion he had been acutely ill 7 weeks with chills, fever, aching, cough, and blood- 
streaked sputum. The patient stated that he felt fairR well during the da 3 ’, 
but each evening would have chills, fever, aching, and sweats. The cough 
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Avith blood-streaked sputum bad been present for about a year The sputum 
Avas described as thick, milky Avhite, and occasionally stieaked Avith blood. 
There had been a 15 pound U'eight loss in the 7 weeks prior to admission. 
Shortness of breath had been noticeable for about 3 u^eeks. 

The famihj histonj Avas non-contributoiy. The pad history Avas significan 
in that the patient bad had malaria in 1938, and typhoid fever m 1935 
Examination revealed a colored adult male Avho appeared to be acutely and 
seriously ill. He appeared toxic and dyspneic. The conjunctwp were cleaa , 
the mucous membranes appeared pale. The tOTSils were small; the mouth 
Avas foul. No lymph nodes Avere palpable. The chest Avas symmetrical, 
expansion free, but excursions were small. Fremitus OA'er both apices Avas 
diminished and the percussion note impaired. Breath sounds were distant, 
and numerous moist rales were scattered over both lungs. Respirations weie 
30 per minute. The heart showed no abnormalities except for a tactycardia 
of 120 per minute. The blood pressure Avas 94/66 mm. of mercury. The ab- 
domen Avas distended and tympanitic. The upper abdomen was tender. The 
liver and spleen extended 2 and 4 fingers breadth beloiv the costal margin 
respectiA^ely. The spleen was tender. The superficial and deep reflexes were 
bilaterally equal and active. . 

Laboratory Data. Blood count (10-25-42); R.B.C., 3,100,000 (hemoglobin, 
60%); W.B.C., 5000 (poljTnorphonuclears, 75%; lymphocytes, 23%; mono- 
cytes, 2%). No malarial parasites seen on 3 examinations. Kahn test 
negatme. Sputum examinations on 9 occasions failed to shoAV acid-fast 
organisms. Sedimentation rate (10-25-42) AA'as 27 mm. in 1 hour (Cutler). 
Urinalysis was essentially negatiA’^e except for a trace of albumin; specific 
gravity, 1.010. Feces examination was negative for parasites and ova; occult 
blood Avas present. 

Roentgen ray examination (10-22-42) shoAved an extensive infiltration of both 
lungs, miliaiy in type. Diagnosis: pulmonary tuberculosis, miliary. Re- 
examination shoAved the same picture on 10-24-42. 

Clinical Course. During the 1st week of hospitalization, the patient had 
recurring chills CA^erj' eA'^ening Avith rise of temperature to 104° F., followed in 
7 hours by a drenching sweat. The 2nd Aveek the evening temperature only 
spiked to 102° F., Avith the chills and sAveats as before. The distention of the 
abdomen Avas A^eiy difficult to control for the 1st Aveek, after AA-hich the patient 
Avas someAAdiat more comfortable. The cough and blood-streaked sputum per- 
.sisted; the dyspnea became progressively AA'orse. The lung findings changed 
gradually each day until 6 daj^s before death, at Avhich time the percussion note 
Avas flat throughout. Breath sounds Avere barely audible, and no rdles Avere 
present. The pulse rate became ver 3 >- irregular as a result of numerous prema- 
ture contractions and Avas almost imperceptible during the last 6 days. Ter- 
minally, 'the respiratoiy rate rose to 40 per minute. Restlessness and dyspnea 
Avere marked. Coma and death occurred on the 13th hospital day. 

Postmortem Examination (15 hours after death). The body Avas that of a 
negi-o male, 23 3 'ears of age, fairly well der^eloped, but emaciated, measuring 
64.0 mches in length, and weighing approximately 90 pounds. The head 
shoAved nothing of significance other than poor oral hygiene and slight oozing 
of bloody fluid from the nose. A few small lymph nodes were found in the left 
axilla, ihe omentum Avas adherent to an enlarged spleen. The peritoneum 
was sinooth othei-AA'ise, and there was 100 cc. of clear yellow ascitic fluid. Both 
lungs filled thew respective pleural cavities. There Avere tough fibrous adhe- 
i’” 'is Avell as on the diaphragmatic surface and 

^ ® fissures Avere Actually obliterated Avitb adhe- 

n 'lous reaction. The pericardial sac was thin and con- 

imnnaUn siS " approximately 

i-espectively. Both 

M obes vvm ’.^Shened by numerous fibrous and fibrinous adhesions. 
All lobes AACie AcrA^ firm and presented many areas of increased density. 
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Crepitus was markedly reduced. The cut surfaces of all lobes were similar. 
They were film, dirty yellowish gray, with a few small scattered areas of red, 
relativelj' noimal lung. One 2 x .3 cm. area in the subapical portion of the 
I'ight upper lobe showed markedly increased density. Fibrosis was generally 
increased throughout, liut no calcium was encountered. The hilar ] 3 mph 
nodes were not prominent. There was no cavitation. 

The heart weighed 300 grn. and pre.scnted nothing of note grosslj'. 

The spleen weiglied (150 gm. The external surface was gra 5 'ish red and 
Ijresented shaggj' fibrous tags over its ujjper ]}oi-tion. The pulp was excep- 
tionalh' film and light red. It was scrajicd with difficulty; the noimal archi- 
tecture was oliliterafcd. 



Fiu. 1. Li/nff (440 X): Pulmonarj' alveoli filled with parasite-laden macrophages. 
Fibroblastic activitj’ is also evident. 


The liver weighed 2040 gm. Its external surface was .smooth and jiresentcd 
numerous small, firm, circumscribed, grajdsh white areas varying in size from 
1 to 2 mm. These areas were not calcified. The cut surface showed little of 
note other than an occasional .small rounded area such as presented on the 
external surface. 

The ffall bladder, biliarij duct system, adrenals, and gastro-hitestinal tract 
showed nothing of note. The pancreas weighed 60 gm. and revealed no gross 
findings. 

The peripancreatic and portal lymph nodes were enlarged, varving from 1 to 
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2.5 cm. in diameter. They vcre firm and jn-cscnted a honmgencons yellowish 

^'^Th^teft and right kidneys weighed 210 and 195 gm. respectively. Their 
caiulefwere tlnn, but stripped\-ith some difficulty, reveahng a gram, ar 
reddish brown cortical surface. Consistency was modciately mcieased, bn 

the cut surface presented normal markhigs. _ i „ „ 

Microscopic Examination. Lnngs: The irnmary lesion appeals to be a 
nodular area of consolidation resulting from mimerous large parasite-ladei 
macrophages filling the alveolar spaces. The parasites 
encapsulated structures about one-third to half the size of a ml 
present a central Gram-positive jiolar staining ovoid nucleus. 3 he iiodulai 



Fig. 2.— Spleen (950 X— oil immer.sion): "Asteroid” inclu.sion forms in Langhans’ 

gi.aot colls. 


aieas exhibit a marked tendency towards confluence. Tlie larger lesions thus 
formed have large zones of central necrosis which still retain the "ghost-like” 
architecture of the lung structure. The pulmonaiy vessels at these sites 
exhibit a rather marked dbliteratiye endarteritic process which would appear 
to have contiabuted to the necrosis. Surrounding the necrotic areas there is 
a rather marked proliferation of fibroblasts obliterating the air spaces and 
enclosing myriads of parasite-laden macrophages. In such granulomatous 
areas numbers of necrotic neutrophils can frequently be found. Surrounding 
the nodules the lung parenchyma e.xhibits complemental emphysema and mild 
fibrous septal thickening. In some sections, presumably from the subapical 
area, there are small wedge-shaped areas of dense subpleural scarring resemb- 
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ling tlie common-subapical scars described in association with a healed reinfec- 
tion type of tuberculosis. There is a moderate degree of parench 3 TnaI fibrosis 
too, which appears to be entirelj' independent of the principal process already 
described. Ho^ve^'er, the scarred areas accentuate the dilated lymphatic 
vessels which contain numerous and often parasite-laden macrophages (Fig. 1). 

Liver: Principallj’ in the subcapsular area, but also invohnng manj’ of the 
]Dortal spaces, there are variabh'-sized granulomatous nodules which compress 
and distort the adjacent liver parenchjana. The nodules contain frequent 
parasite-laden macrophages and are mildty infiltrated with round cells. The 
remaining bulk of the liver tissue preserves its noimal lobulation which is 
accentuated bj- moderate .sinusoidal dilation and congestion. The Kupffer 
cells are ln-j)erfroj)hied and often contain numbers of organi.sms. 



Fig. 3.— Spleen (950 X — oil immersion) : “Asteroid” inclusion form.s in Langhans’ 

giant cells. 


Spleen: There is a marked alteration of the splenic architecture bj" marked 
fibrosis along the vascular tree and trabecular framework. The broad bands 
of fibrous tissue thus formed are featured by the presence of numbers of large 
Langhans’ t3T5e ^ant cells. L 3 'mphoid follicles are largety obliterated. The 
pulp persists as islets of sinusoids between large fibrous bands. Although 
organisms ma 3 ^ be demonstrated in macrophages present in the sinusoids, they 
are comparatively few in number. The Langhans’ giant cells often contain 
one or more prominent amphophilic and Gram-positive stellate or “asteroid 
bodies,’’ which are contained in a scalloped, irregular vacuolar space. The 
appearance resembles a flower whose petals are formed by clusters of what 



COLVIN, GORE, PETERS: A CASE OP HISTOPLASMOSIS 

1 oion- nvnirf bodies and whose central portion is ainphophilic. 
appear to be deal similar staining reaction appear 

Radially arranged, slight y _,i:oc TTmvevcr selected asteroid bodies 

S;sii-Hsss=s=s 

Hsis'“S«asiS,tM= 

(Figs. 2 and 3) . 



Fw, 4 , — Bone marratu (440 X) : Granulomatous foci displace and encroach upon the 
functional hematopoietic marrow which presents as a wedge in tlie center of the field. 
Anemia and leukopenia are thereby explicable on a myelophthisic basis. 


Lymph Nodes: There is a marked alteration of the nodal architecture by an 
enormous hypertrophy of the reticiilo-endothelial cells and liy fibrosis and 
hyalinization of ^ the Ijrmphoid cords. Numerous cells of the macrophage 
variety ffll and distend the sinusoids often forming nodular clusters. Numbers 
of ovoid intracellular organisms, as previously described, may be demonstrated. 

Kidneys: Intertubular round and plasma cell infiltrates are prominent. 
The renal tubules are moderately separated by the interstitial infiltration and 
edema and exhibit rather marked parenchymatous degeneration. 

Pancreas and skeletal muscle: Not noteworthy. 

Heark There is a mild rather patchy increase of mononuclear cells in the 
interstitial stroma. The muscle fibers are of average size with clearly defined 
stnations. 




384 


COLVIK, aOKK, PKTKltS: A (;A.SK of JIISTOI’LAS.MOSIS 


Jionr wtiiroir: .Sections of tin' rib mnrrow sliow immoroiis gr.'miilojiiafotis 
foci wliicli largely displace a (|tialita(.ively liyireraetive hematopoietic tissue. 
Numbeis of organism-laden macro|)hages may he demonstrated in tlic granu- 
lomas. It is cjiiite evident that there is a vciy marked (inantitativc decrea.se 
of the functioning blood-forming tis.siies (Fig. 4). 

Miscellaneous: Occasional giant cells of the Langhans’ variety may he 
demonstrated in granulomatous areas of the lung, liver, lymph node, and I)one 
marrow, as well as in the silicon as de.scrii)cd above. “Asteroid forms” can 
he demonstrated in the giant cells at any of these sites. 

Comment. 4’lie puiilicatioii of over 31) casc.s .since 1938 when only 
7 cases were rejiortcd prior to that time would indicate that liisto- 
plasniosis, altliongli not common, is perliaps not as rare as was once 
tliought. Histoplasmosis may he suspected when a patient presents 
eontinued fever, leukoiicnia, splenomegaly, hepatomegaly, anemia, 
lymphadeno])athy, skin lesions, and gastro-intestinai ulcerations, 
riinically the last three features were not present in the case reported 
herein. Obviously the more common diseases must he ruled out before 
considering the rareties. In the pre.sent case the clinical picture was 
confused by a Roentgen ray diagnosis of miliary tuberculosis, with 
which the finding of 9 sputa negative for acid-fast organisms was not 
incompatible. Hindsight, in the present ease, would indicate that the 
fungus was probably jiresent in the sputum, and if suspected, could 
have been demonstrated by smear or culture. Again, more careful 
blood studies, cultures, or bone marrow e.vaminations could have led 
to an antemortem diagnosis as made in some of the previously reported 
cases. Riopsy of enlarged lymph nodes or of granulomatous skin, 
nasopharyngeal, or gastro-intestinai lesions constitutes the remainder 
of the diagnostic armamentarium. 

The presence of anemia and leukopenia in histoplasmosis may be 
beautifully explained by the bone marrow findings in the present case 
as a quantitative reduction of the hematopoietic marrow by multiple 
granulomatous lesions which displace it. This appears to be primarily 
a myelophthisic anemia, altliough secondary toxic effects cannot be 
ruled out. The presence of rather marked marrow In^perplasia between 
the granulomatous foci would speak against any marked toxic effect of 
the systemic infection. 

Culturally the fungus grows as a yeast at 37° C. and produces 
mycelia with aerial hyphae at room temperature. Experimentally, 
both forms are pathogenic. Hut the Jnycelial form reverts back to the 
yeast form in tissues (Parsons). 

“Asteroid forms” described in. Langhans’ giant cells in this case were 
previously described by Wolbach (1911). This author presented 
5 cases wherein tliese cell inclusions were found. They were associated 
with disseminated granulomatous lesions of vai’ious sorts and invoh^ed 
lymph nodes in 3 cases; the lungs in 3 cases; and tire spleen and liver 
in 2 cases. The primaiy patliologic diagnoses were diverse, and in 
all cases specific granulomata were carefully ruled out. For tliis reason 
the inclusions were not regarded as specific for any disease.* The 

* Dr. Melvin Friedman, in our department, has recently observed a c.ase not associ- 
ated with histoplasmosis, whore asteroid forms were so numerons that a detailed schema 
of their development conld be constnicted. — E ditor. 
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Staining reactions led ^Yolbach to hypotlicsv/.e that these torms aie 
produced bv etching of the fibrin reticulum ^vhlch for some reason or 
other has acted as a foreign body, and has been taken up by endothchal 

leucocytes.” . . . 

Summary. 1 . A case of histoplasmosis occurring m a negro solrliei 

from Alabama is reported. . 

2. The diagnosis was made liy postmortem exammatum atter a 

clinical diagnosis of miliary tuberculosis was made. 

3. At the postmortem table a diffuse form of tnberculons ])neumonia 
was suspected, and the correct diagnosis was not made until the micro- 
scopic sections were read. 

4. Encapsulated “asteroid forms” are described m the granuloma- 
tous foci. . , . 

5. An explanation for the occurrence of anemia and leukopenia m 

this case is given. 
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HEPATORENAL FAILURE IN THE WATERHOUSE-FRIDERICHSEN 

SYNDROME* 

CUNICO-PATHOLOGIC OBSERVATIONS IN TWO CASES WITH 

Prolonged Survival periods 

By A[.\jor Bruno A. M.yrangoni 

MEDlCAI, CORPS, ARMY OF THE UNITED STATE!? 


AIajoh Vincent C. D’Agati 

MEDICAI, CORPS, ARMY OF THE UNITED STATES 
FORT MCCI.EM.AN, AUA. 

(From Contagious Disease Section, Station Hospital) 

The literature on the Waterhouse-Friderichsen syndrome lias repeat- 
edly stressed the concept of a distinct clinical entity characterized by 
an acute fulminating meniiigococcemia with adrenal hemorrhages and 
a rapidly fatal termination. A striking feature of this syndrome is the 
brevity of the clinical course, the majority of cases succumbing within 
24hours or less.^'^' 5 .’. 8 do-i 2 , 16-18,20.21 Levinson, Lindsay, Rice, Selinger, 
and Robins/^ Drinninond and Tooke^ have reported cases Avhich have 
lived for periods as long as 48 hours but there are no reports in the 
literature of cases which siin-ived beyond tliis time. Ini'cstigators 
unanimously report an invariably fatal outcome in the Waterhouse- 
Friderichsen syndrome ivith the single exception of Carev^ who claimed 
a recovery. 


This sjndiome affects children primarily, 70% of the reported 

,*rp^DniSuil.Tv W the W.Tr Department Manuscript Board, which assumes 

lesponsibihty, other than censorship, for the contents of this article. 


cases 
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occurring under 2 yeans of age. Its rarity in adults lias been einplia- 
si/.ed by Acgerter/ .who, in a review of the literature, found only 
0 adult cases. 

The paucity of clinical studies in this syndrome is due to the ful- 
minating and fatal eourse so characteristic of these cases, which pre- 
cludes any extended bedside observations. However, in the treat- 
ment of 1.34 cases of meningococcic infections by the authors'* at the 
Station Hospital, Fort i\IeCIellan, Alabama, 5 cases of the Waterhouse- 
Friderichsen syndrome were encountered, of which 2 were unique 
because of tlieir prolonged clinical courses. 'I'liis paper is a presenta- 
tion of hitherto unreported clinico-pathologic features observed by us 
in these 2 jirotracted cases. Our e.xperience indicates that the cases of 
the Waterhouse-Friderichsen .syndrome Avhich survive tlie initial shock 
will suecumb in a state of renal in.sufficiency directly attributable to 
severe hepatic necrosis. This combination of clinical and pathologic 
factors has been described as the licpatorcnal syndrome or hepatorenal 
failure. Briefly, the hejiatorenal syndrome is a process which termi- 
nates in death with uremic symptoms in its final phase clinically, and 
in which at necrojjsy, hepatic as well as renal damage is demonstrable. 

The hepatorenal .syndrome was first described by Heyd in 1923 to 
explain certain deaths following operati\’e procedures on the external 
biliary .sy-stem." Since that time a voluminous literature has accumu- 
lated which has been excellently summarized by Boyce.- In a recent 
review of the literature, Beich"’ called attention to the occurrence of 
the hepatorenal syndrome in many diverse medical and surgical con- 
ditions, such as diphtheria, Addison’s disease, toxemias of pregnancy, 
intestinal obstruction, biliary tract diseases and burns. Wilensky and 
Colp" have ad^'anced the most satisfactory theory thus far to explain 
the hepatorenal .syndrome. They postulate the existence of an initial 
lesion which affects the hepatic cells primarily and the renal nephron 
secondarilj". 

Case Reports. Case 1. A. J. W., a 20 year old male, was admitted to the 
hospital on Jan. 24, 1943, complaining of a sore throat, cough, chills and fever. 
He denied any muscle pains, vomiting or headache. On admission, the 
physical examination was entirely negative except for a moderately inflamed . 
pharynx. No nuchal rigidity was present and petechia) were not observed. 
Temperature on admission was 102.8° F., pulse 90 and respirations 20. The 
diagnosis of an upper respiratoiy infection was made and symptomatic therap 3 ' 
instituted. His temperature fluctuated between 99° and 103° F. for the first 
3 days and then gradually fell to normal on the 5th daJ^ He remained afebrile 
until the evening of the 7th daj’- when his temperature rose to 101.6° F. and . 
he appeared acutety ill. His sjnnptoms now were malaise, chilly sensations, 
headache and weakness, but no abnormal findings were noted on examination. 

A blood count showed 11,150 white blood cells. On the 8th day, the patient 
presented a dramatic change. He was desperately ill, pallid, apprehensive, 
restless and in severe shock. The sensorium was clear and the patient was 
well oriented. There were numerous petechia) and purpuric lesions distributed 
over the entire body. Facial edema was observed particularly about the eyes. 
The pharynx xvas red and injected. Nuchal rigidity was absent and no 
abnormal neurologic reflexes were elicited. The temperature was 96° F., 
pulse imperceptible, respirations 28, and the blood pressure was unobtainable. 

A second blood count revealed 47,250 rvhite blood cells with 94% polymorpho- 
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iiucleavs. Lumbar puncture was not done at this time due to tbe patient’s 

A'dLgnoi^s of an ovenvhelming meriingococcemm Avith adrenal hemorrhages 
(Waterhouse-Friderichsen sjmdrome) was made._ The patient was placed m the 
antishock position and an infusion of 1500 cc. of 5% glucose m normal saline was 
given intravenously to which 30,000 units of ™ennigococcus antitoxin Avnre 
added. Follmving this infusion, the blood pressure rose to 60/40 and the pulse 
was 130 and of fair quality. One hour later, a 5% sodium sulfadiazine solution 
was given intravenously (5.5 gm. in 111 cc. of sterile distilled ■^'•'ater) . The blood 
sulfadiazine concentration 20 minutes later was 15.5 mg. per 100 cc. Massive 
oral doses of sulfadiazine were administered according to the following schedule: 
initial dose, 8 gm.; second dose 2 hours later, 5 gm.; third dose 3 houis latei , 

4 gm.; fourth dose 4 hours later, 4 gm.; and 3 gm. every 4 hours for the next 
3 doses. Thereafter dosage was regulated to maintain the blood concentration 
between 15 and 20 mg. On this regime the patient appeared to rally. A total 
of 80,000 units of meningococcus antitoxin was given intravenously within 
the first 18 hours of therapy. To combat the shock and impaired peripheral 
circulation, 500 cc. of blood plasma was given. The blood pre.ssure rose to 
80/60. Adequate amounts of fluid and periodic injections of desoxjmorti- 
costerone intramuscularly Avere administered. 

At the onset of treatment and throughout the patient’s course, there Avas a 
marked disturbance of renal function aa'IucIi Avas characterized by complete 
anuria for the first 24 hours folloAved by oliguria persisting until death. The 
specimens of urine obtained rcA'^ealed no abnormal changes. In addition, the 
patient AA'as incontinent of feces and passed many brown liquid stools until he 
succumbed. 

On the 9th hospital day, the patient Avas still conscious and oriented but 
the respirations were rapid, labored, and shallow. Cyanosis Avas absent. 
Many bubbling r^les were heard over the entire chest. The edema of the face 
persisted, but was not found in any other part of the body. The blood pressure 
remained at 80/60. The temperature Avas 98,4° F., pulse 110 and respira- 
tions 36. The blood sulfadiazine IcA'el Avas 14.4 mg. per 100 cc. On lumbar 
puncture, a crystal clear spinal fluid under noimal pressure Avas obtained Avhich 
Avas negative on examination. Colonies of Neisseria iniracdbilaris Type II- 
Ila were grown from the blood culture. An additional 500 cc. of plasma Avas 
given. Because of dyspnea, the patient Avas placed in an o-xj^gen tent. 

On the lOth hospital day, the patient became stuporous but responded to 
painful stimuli. Bubbling rales Avere still audible. Temperature Avas 98° F., 
pulse 90 and respirations 40. Blood pressure Avas maintained at 80/60. Blood 
sulfadiazine concentration was reported as 19.5 mg. The non-protein nitro- 
gen AA^as 86. Despite all therapy, the course of the disease continued unfavor- 
ably, and the patient succumbed on the 11th hospital day, 80 hours after the 
onset of the Waterhouse-Friderichsen syndrome. 

Autopsy. The body Avas that of a Aveli-developed, thin young man. A 
moderate number of petechiac Avere scattered over the body. Four hundred cc. 
of a clear, straAv-colored fluid was present in each pleural caAUty and 1000 cc. 
of a similar fluid in the abdominal cavity. This fluid clotted spontaneously 
during the course of the autopsy. The heart AA^as enlarged and the right 
auricle was dilated. The liver weighed 2035 gm. and, on section, revealed 
moderate congestion. The kidneys appeared normal, the right Aveighing 
185 and the left 170 gm. The capsule stripped Avith ease, revealing a 
spaooth, red-broAA'n surface. The cortico-medullary demarcations Avere dis- 
tinct. iS p e^date AA'as present in the brain and the ventricles contained clear 
® “5®* strildng finding was noted in the adrenal glands, 
■'yeig^ied 15 gm. together. Both adrenals were firm and in nomal posi- 
tion but showed hemorrhagic areas involving the left more than the right 
and shoAved histologic changes in the adrenals, liver 

both7hT^n;t;nT showed hemorrhages of A^arying sizes involving 

uS no^Tl ttiedullary areas. The general architecture of the live! 

normal. There Avas central A^em and sinusoidal engorgement. In the 
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central zone, there was 7)iarkocl flis.sociation of liver cords, Jiiany of the cells 
showed necrobiosis and many Avere heavily laden Avith Idle pigment. The 
mid-zone shoAved necrobiosis and A'acuolization. The liA'cr cells in the periph- 
eral zone shoAved no noteworthy change. In the imrtal areas there Avas a 
moderately intense diffuse ])oljTnorphomicIear and hanphocytic infiltration 
AA'ith mild edema. The kidney shoAved increased cellularity and aA'ascularity 
of the glomerular tufts. Focal areas of polj'morphonuclcar infiltration and 
edema interstitially Avere observed. There Avas cloudy sAVclling of the con- 
A'oluted tubular epithelium and allnmiinous dejjosits" Avere present in the 
tubular lumina. 



advanced central necrosts. X 100. 

Fig. 2. — Case 1. High-power pliotoniicrograph of flio liA'er sliowiiig cellular necrosis 
ivifh polymorphonuclear infiltration. X 440. 

Fig. 3. — Case 2. Loiv-power ifiiofomicrograph of the liver showing liver cell necrosis 
with fatty metamorphosi.s in the peripheral zone. X 100. 

Fig. 4. — Case 2. Loiv-power photomicrograph of the kidney .shoAving increased 
cellularity and aA-ascularity of the glomerular tufts. Albuminous casts are present in 
the lumina of the tubules. X 440. 


Comment. The outstanding feature of this case is the long clinical 
course of 80 hours in a syndrome Avhich ordinarily terminates in 
24 hours or less. Unfortunately, no sodium, potassium and chloride 
determinations AA^ere obtained. Although clinically, the cAudence sug- 
gested renal failure, the picture AA'as dominated pathologically by liA'er 
necrosis (Figs. 1 and 2). 
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C 2. C. W., a 20 Year old obese white male, was admitted to tl»e hospital 
on Feb 17 1943 complaining of chills, fever, headache, and generahzed inus- 
cubr pains’of 24 hours duration. He was seriously ill but national and oriented 
The physical examination disclosed facial edema with puffinc.ss about the ej . . 
The boQA' was covered with numerous petechial and pui piiiic aieas. iSo 
n,Vcl,auid% «as present. The Kevnig and Bradanisk. signs were ahscnl. 
The spteen was not palpable. The temperature was 98.8 F., pulse ldt>. 
rations 22, and the blood pressure 60/40. Ivo lumbar punctuie n as pei- 
formed due to the poor condition of the patient. A blood count revealed 
66,950 white blood cells with 96% pohnnorphonuclears The red cell count 
Avas 5,510,000 Avith a hemoglobin of 13.8 gin. A blood culture Avas positive 
for the Neisseria iniracelhtlaris Type I. A diagnosis of a fulminating menmgo- 
coccemia with adrenal hemorrhages (Waterhouse-Friderichsen syndrome) was 

The patient Avas immediately given 5.5 gm. of sodium sulfadiazine intra- 
venously in a 5% solution of sterile distilled Avater. Within the first 12 hours 
of admission, he received a total of 80,000 units of meningococcus antitoxin 
intravenously. Adequate fluids were administered both orally and intra- 
venously and 50 cc. of adrenal cortical hormone ivere given by the latter route 
daily throughout the course of the disease. Massive doses of sulfadiazine Avere 
given orally, the initial dose 8 gm. The total dose for the 1st day of therapy 
was 29 gm. Twenty-tivo hours after hospitalization, the jiatient receh-ed 
500 cc. of plasma. The blood jiressure rose to a lei'el of 80/00. The initial 
blood sulfadiazine concentration 14 hours after admission Avas 2.5 ing. 

Complete urinaiy suppression Avas obserA'ed during the first 24 hours of 
hospitalization. At this time the patient Avas catheterized and 2 ounces of 
cloudy, amber urine obtained. On examination, the urine Avas negative excejit 
for 2-t- albumin. Diarrhea Avas a persistent coin]ilaint throughout his course. 
The stools Avere liquid, light broAvn in color but not bloody. No abdominal 
pain Avas present. 

On the 2nd hospital day, the patient appeared restless and apprelieiisive but 
the sensorium Avas clear. Facial edema persisted. Temperature Avas 97.2° F., 
pulse 130, respirations 28 and the blood pressure 100/80. The patient A’oided 
3 ounces of urine spontaneously Avhich shoAved a specific gravity of 1.025 and 
l-p albumin. jMicroscopically, a feiv granular and cellular casts Avere found 
Avith 50 to 60 red blood cells per high-poAver field. A blood count Avas 20,300 
Avhite blood cells Avith 95% polymorphoiiuclears. The iron-protein nitrogen 
was 52 and the blood sulfadiazine le\'el 10.2 mg. Efforts to combat the 
impaired renal function Avith hypertonic glucose, aminophylline, hot colonics, 
and coffee Avere unsuccessful. 

On the 3rd hospital day, the patient Avas definitely Averse, although still 
conscious and oriented. His respirations Avere rapid and shalloAv, averaging 
54 per minute. Slight cyanosis Avas eAudent for the first time. Numerous 
ncAv petechial and purpuric areas apjieared and scA'eral older lesions shoAved 
necrotic changes. Temperature Avas 97.2° F., and pulse 130. The blood 
count Avas noAV 35,750 AAdiite blood cells AA’ith 98% polymorphomiclears A 
blood sulfadiazine concentration reached a level of 11.7 mg. The non-protein 
nitrogen continued to rise, reaching 91 mg. per 100 cc., and the creatinin 7 mg. 
per 100 cc. A specimen of catheterized urine (1 ounce) shoAved 2-|- albumin 
6 led blood cells, 1 to 2 hyaline casts, and a feAv cellular and granular casts. 


5 to 


rp, granular casts. 

^ oxygen tent, because of c3mnosis and dyspnea. 

On the 4th hospital day the patient lapsed into stupor and was aroused Avith 
clitticulty. Weatoess and cyanosis Avere more pronounced and air-huiiEer 
more marked. Temperatoe was 98° F., pulse 140, respirations 52, and the 

count revealed 49,450 white blood cells 
AA ith 93 % polymorphonnclears. The red ceil count was 4,900,000 Avith 1 1 .2 gm. 
of hemoglobin. The blood sulfadiazine IcA^el reached 26.1 mg. The non-nro- 
tem nitrogen rose to 96.9 mg. per 100 cc. and creatinin to 7.4 mg. The blood 
chlorides were 412.5 mg. per 100 cc. ^ 

he succumbed on 

i eb. 21, 1948, 88 hours folloAinng admission to the hospital. 
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Aittopsi/. Tlie body was tliat of a well-develoi)ed, ol)e.se young man. The 
skin was covered with many petcclhal and ])nrimric area's, some of which 
showed early necrotic clianges. A moderate amount of clear, sti-arv-colored 
fluid (500 cc.) was irresent in the serous cavities. The heart was enlarged 
and weighed 590 gm. The right auricle showed great dilatation.' The liver 
weighed 2790 gm. and on section showed moderate congestion. The kidneys 
were large and felt less firm than usual. The right kidney weighed 240 gni. 
and the left 280 gm. The cairsule strii)i)cd with ease. On .section, the kidne 3 's 
showed considerable^ congestion. The cortico-medullaiy demarcations were 
indistinct. The brain revealed marked engorgement of its superficial vessels 
l)ut no gross exudate was seen. The ventricular fluid was clear. The adrenals 
were hemorrhagic and on section, numerous small hemorrhages were noted 
involving both the medulla and cortex. 

On microscopic examination, significant histologic changes were found in 
the adrenals, liver and kidnej’. The adrenals showed numerous small hemor- 
rhages involving both medulla and cortex. The architecture of the liver 
lobules showed marked destructive changes in the central and mid-zones. 
The liver cords in these zones were comjjlctelj' destroj'cd. The cells were onh' 
occasionallj’ recognizahlc and moderate bile jiigmcntation was present. Nu- 
merous areas of hemorrhage and ])ol3nnorphonuclear infiltration were seen. In 
the jreripheral zone, the liver cords were preserved, but the liver cells were 
swollen Avith marked vacuolization and gi-anularit3' of their c3’’toplasm. Fatty 
metamorphosis rvas a ])iominent pathologic feature. The Kupffer cells were 
not noteworthy. The central veins and sinusoids wei e engorged and the portal 
areas frequentl3' shorved a moderate pol3nnorphonucleni- infiltration Avith small 
nests of l3’mphoc3'tes. The kidneA* architecture Avas preserA’ed. The glo- 
mendi Avere normal except for albuminous dejjosits in the capsular spaces and 
marked cellularit3" Avith aA'ascularit3’’ of the tufts. The epithelial cells of the 
proximal conAmlutcd tubules shoAved cloud3' SAvelling and had a “ground glass” 
appearance. Albuminous casts Avere ifientiful. 

Comment. This case is another illustration of severe meningococ- 
cemia Avith marked adrenal hemorrhages associated AA’ith a prolonged 
surAUAml period. The clinical course and mode of death is strikinglA- 
similar to that of Case 1. Paradoxicall.t', a sole blood chloride deter- 
mination a feAV liqurs prior to death AA'as found to be AA’ithin normal 
range. The question is raised, therefore, as to AA-hether the electrolyte 
balance is disturbed in the 'Waterhouse-Friderichsen S3’ndrome. The 
entire clinical picture Avas oA-ershadoAA^ed bA- impaired renal function 
but at necropsy, liver necrosis Avas an impressive feature (Fig. 3). This 
case is unique in that the patient .surAUved for the amazinglA- long period 
of 88 hours de.spite such extensiA-e adrenal destruction. 

Discussion. The 2 cases of the Waterhouse-Friderichsen _S 3 'ndrome 
described in this paper Avere unusual because of their relatiA^ely pro- 
longed survival periods, 80 and 88 hours respectively, and tlie similarit}’ 
of their clinico-pathologic findings. The fulminating character of this 
syndrome has made impossible anj'- detailed observations heretofore, 
and this appears to be the first report to describe hepatorenal failure in 
protracted cases of the Waterhouse-Friderichsen S 3 -ndrome. 

The salient clinical features of both cases Avere so similar as to 
AA^arrant detailed discussion. The onset of the acute phase of the 
disease AA'as marked by seA'ere shock and pallor. Consciousness and 
orientation Avere maintained until shortl.v before death. Facial edema, 
particularlA' about the e.ves, Avas remarkable in its similaritA; to that 
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of nephritis. Edema involving other portums of the body could not 
be demonstrated clinically. Interestingly enough, subnormal tem- 
peratures persisted tliroughout the course of the infection m spite ol a 
severe overwhelming .septicemia, and recovery from the initial sliock 
as evidenced by a return of the blood pressure to normal or quasi- 
normal levels. No agonal rise in temperature occurred. Diarriica 
was present from the onset and persisted throughout the course of the 
disease. The stools were liquid and tan in color but not grossly bloody. 
Jaundice or other clinical evidences of hepatic dysfunction were absent. 

The striking and unusual clinical feature was. the initial anuria fol- 
lowed by a severe oliguria which was associated with jirogressive 
impairment of renal function, dhis oliservation was noted throughout 
the clinical course of both patients. Although the non-protein nitro- 
gen and creatinin rose steadily, there were no clinical manifestations 
of uremia. 

It is important to mention at tins point, our 3 other cases of the 
Waterhouse-Friderichsen syndrome not reported in tliis paper. Two 
of these cases had fulminating clinical courses terminating within 
24 hours. At necropsy, the pertinent findings were sei’ere hemorrhages 
and destruction of tlie adrenal glands coupled with a mild hepatitis 
limited to the central zones. However, no noteworthy renal changes 
were demonstrable. The third case survived 40 liours. In this case, 
hepatorenal failure was demonstrated early. The blood chemistry 
findings IG hours after admission revealed a non-protein nitrogen of 
46 mg. per 100 cc., creatinin 5.8 mg., and chlorides 454 mg. Thirty-six 
hours after admission the non-protein nitrogen rose to 67 mg. per 
100 cc., creatinin 9 mg., and chlorides 470 mg. An icteric index at 
this time was 13.7. 

On the other hand, the 2 cases of the Waterhouse-Friderichsen syn- 
drome with prolonged clinical courses, died in a state of renal insuffi- 
ciency, and showed at necropsy, moderate adrenal hemorrhages with 
severe hepatitis. In addition, the kidneys revealed glomerular and 
tubular changes and the pathologic features of both were similar but 
differed only in degree of severity (Fig. 4). 

Case 2 demonstrated a more advanced stage of hepatic destruction 
than Case 1. Histologically, the noteworthy feature rvas severe 
necrobiosis of the lii er cells, but whereas in Case 1 the central and mid- 
zones only were involved (Fig. 1), in Case 2 the central, middle and 
peripheral zones showed these extensive destructive changes (Pig. 3). 
The histologic findings in the kidneys of both cases were comparable 
but again differed in degree of severity. Both cases showed increased 
cellularity and avascularity of the glomerular tufts. Similarly, cloudy 
swelling of the convoluted tubular epitlielium and albuminous deposits 
m the lumina were present but more marked in Case 2 (Fig. 4) . These 
hndmgs were essentially in agreement with those described bv Wilen- 
sky- m the hepatorenal syndrome. From tlie above facts, life expec- 
tency appears to be inversely proportional to the extent of adrenal 
hemorrhage; that is, the greater the adrenal hemorrhage, the shorter 
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the clinical ■ course .and the less likelihood for the development of 
hepatic destruction. 

It seems logical to conclude from a correlation of the clinico-patho- 
logic evidence in our cases that 2 clinical stages exist in tlie Waterhouse- 
I'riderichscn syndrome. The first or fulminating stage is generally 
recognized and consists of severe shock with circulatory collapse. 
Survival of this stage ushers in the hitherto undescribed second or 
hepatorenal stage Avhich is characterized clinically by marked oliguria 
with azotemia and patliologically by severe toxie hepatitis associated 
with glomerular and degenerative tubular changes. 

The problem of why hepatorenal failure occurred only in the cases 
of the ^^aterliouse-Friderichsen syndrome and not in uncomplicated 
meningococceinias, cannot be ignored. Infection alone fails to explain 
satisfactorily this puzzling fact and our experience has shown that 
the hepatorenal .syndrome does not occur in meningococcemia without 
adrenal involvement. It mirst be concluded that adrenal hemorrhage 
is a predisposing factor in tlie development of hepatorenal failure in the 
Waterhouse-Friderichsen syndrome. After evaluating the e.xisting 
theories on the hepatorenal syndrome, coupled with an analyses of our 
cases and stressing the important role played by tlie adrenals in 
detoxification and its close interrelationship with liver and kidney 
function, it seems reasonable to advance the following explanation for 
the mechanism producing hepatorenal failure in the Waterhouse- 
Fridericlisen syndrome. Destruction of tlie adrenal glands by hemor- 
rhage tlirows tlie full brunt of detoxification primarily upon the liver 
and secondarily, upon the kidneys, botli of whose functions have been 
depressed from tlie onset by shock and toxemia. The partially dis- 
abled liver is so oi'erwhelraed by toxins that it is unable to perform its 
physiologic detoxifying function. As a re.sult, the liver undergoes 
toxic necrosis and a potent tissue toxin is elaborated which, together 
with the unneutralized bacterial toxins, flood tlie circulatory system. 
Finally, tlie kidneys attempt to rid the body of these harmful products 
of bacteria and deranged li^•er metabolism b^' excreting them through 
the proximal convoluted tubules. The renal tubules, in the perform- 
ance of this function, underp degenerative changes. In addition, 
glomerular changes of a nephritic U’pe occur. The a-vascularity of the 
glomerular tufts is difBcult to evaluate but we believe it is indicative 
of diminished renal blood flow. All these factors operating in unison 
plausibly explain the renal failure. 

A fact worthy of consideration is that the toxins elaborated by the 
necrotic hepatic cells are harmful to the comparatively uninvolved 
normal tis.sue remaining in the liver. This was proven experimentally 
by Boyce- who reproduced similar pathologic changes in dogs by the 
intraperitoneal injection of water-soluble extracts of li-ver tissue from 
patients dying of the hepatorenal syndrome. The changes produced 
were lethal or subletlial depending upon the strength of the extracts 
employed. 

In spite of tlie vigorous use of accepted methods of therapy, the out- 
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come of ovu’ cases was invariably fatal. Tlie tlierapeiitic measures 
employed mav have contributed in prolonging the clinical course. 
However, Avhen all factors arc considered, it seems incoiicen^ible that a 
patient can reco^•er from the AVaterhonse-Fridcrichsen syndrome. Jo 
support this contention is the unassailable evidence of severe crippling 
of hepatorenal function as has been pointed out and its utter incom- 
patibilitv with life can hardly be questioned. 

Summary- Two cases of the AYaterhouse-Friderichsen syndrome 
with prolonged survival periods of 80 and 88 hours respectively and 
witli death ascribed to hepatorenal failure are presented in detail. 
This appears to he the first such report in tlie literature. Tliese cases 
are unique in that tliey are characterized clinically by renal failure and 
pathologically by hepatic necrosis and glomerular and tubular changes 
in tlie kidney. These findings are similar to those found in the hepato- 
renal syndrome. 

In tile light of our clinical observations, it is necessary to conclude 
that 2 stages exist in the AA*aterhouse-l‘>iderichsen syndrome. The 
first stage is a fulminating one usually resulting in death from shock 
and toxemia. vSurvival of this period ushers in the second or hepato- 
renal stage wherein death ensues from hepatorenal failure. 

The life expectancy in our cases was inversely proportional to the 
degree of adrenal tissue destroyed by hemorrhage. 

Accepted modes of therapy administered to our patients may have 
prolonged the clinical course but did not alter the fatal outcome of the 
disease. 
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During the past decade a spotlight of considerable intensity has been 
focused upon the problem of experimental hypertension. A recent review 
of the present status of the relationship between human hypertension and 
that produced e.xperimentally^” indicates that although many questions 
pertaining to hypertension, as it occurs in human beings, have been clari- 
fied, others of a fundamental nature still remain obscure. There appears 
to be a widespread, tacit acceptance of the idea that an etiologic associa- 
tion exists between hypertension produced e.xperimentall^' and that occur- 
ring in a great variety of pathologic lesions of the kidneys, notably those 
which affect the renal blood-vessels. Such an assumption implies that a 
similar mechanism acts to produce the hypertension in each instance. 
While the final proof of such a relationship must naturally rest upon an 
exact correlation of pathologic lesions with experimental methods, this is 
not always possible to make. 

Diffuse sclerosis or constriction of intrarenal arteries has pro^"ed, up to 
the present time, to be technically impossible to produce in experimental 
animals as a means of initiating hypertension. Therefore, direct com- 
parison cannot be made between e.xperimental hypertension as produced 
by present methods and hypertension in man associated with chronic 
glomerulonephritis, chronic pyelonephritis or nephrosclerosis in all of 
which the vascular lesions occur in intrarenal arteries. On the other hand, 
lesions causing constriction of one or both main renal arteries closely 
simulate the experimental conditions of the arterial clamp used so suc- 
cessfully by Goldblatt,'^ Wilson and BjTom,’^ and others and provide 
probably the only human examples of hypertension in which the various 
factors can be accurately evaluated and in which a direct comparison with 
experimental procedures can be made. The present review comprises a criti- 
cal survey of reported data bearing on the fundamental question of the rela- 
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tion of obstructive lesions of the main renal artery to hypertension in man. 
It is hoped that a clear understanding of the established facts pointing to 
a relationship between human and experimental hypertension will make 
the problem stand out in sharper relief and act in some measure as a guide 

to further investigations. , , . i 

The literature of recent years contains a number of case reports and 
statistical surveys purporting to show that the “ Goldblatt mechanism 
is active in at least some cases of human hypertension, but despite the 
interpretations of most of the authors, such proof as does exist rests largely 
on circumstantial evidence. The elusive character of the problem depends, 
in the main, on the almost unavoidable failure to reproduce in any given 
human case all the steps required for a clear-cut, conclusive experiment. 

It is natural that interest should have centered largely, but not exclu- 
sively, on examples of unilateral renal disease, rcidewed recently by 
Abeshouse,‘ in which there is a possibility of removing the suspected cause 
of the hypertension by nephrectomy. This phase of the problem received 
an added impetus following the demonstration by Wilson and Byrom*‘ 
that, in the rat, a variety of unilateral renal disturbances, including arterial 
constriction, would cause a persistent elevation of blood pressure. That 
man’s reaction under these circumstances is probably more like that of 
the rat than of other experimental animals is indicated by the relatively 
few instances in which nephrectomy for a unilateral lesion constricting the 
main renal artery has successfully lowered the blood pressure from h,^'per- 
tensive levels. Unfortunately, the majority of reported cases have not 
been clarified until after death and, although much suggestive evidence 
has been derived from postmortem reconstruction, it is hoped that in tlic 
future more stress will be laid upon accurate diagnosis, early treatment 
and adequate follow-up studies. 

Occlusive lesions of the renal arteries may be roughly divided into those 
which narrow the lumen from within and those in which the constriction 
is due to extrinsic factors. The available data will, therefore, be discussed 
under these 2 headings; 


Narrowing Due to Intrinsic Factors. Arteriosclerotic Plaques. An 
arteriosclerotic plaque, at or near the orifice of the vessel, Avould appear 
to be the commonest cause of unilateral or bilateral constriction of the 
renal artery, whether associated with hypertension or not. A number of 
individual cases of this type have been reported in the literature in which 
constriction of one or both main renal arteries by arteriosclerotic plaques 
has been assumed to bear an etiologic relationship to the hypertension 
which was present. In none of tliese is the evidence absolutelv conclusii’e 
although the vascular stenosis may have been a factor. 

Freeman and Hartley^ recorded the case of a 57 year old man whose 
nght kidney was removed 2 years before death following traumatic rupture. 
Jtight months before death his blood pressure w'as found to be 240/140 
and at autopsy a large arteriosclerotic plaque was found narrowing the 
onfice of the left renal artery. The left kidney weighed 200 gm and 
showed no arteriolar sclerosis, but there was some focal scarring and an 
interstitial inflammatory reaction. This case would appear to be a fairlv 
clear-cut example of the Goldblatt mechanism; but there is a definite pos^- 
sibihty of hypertension developing after nephrectomy in the absence of 
any such specific lesion, particularly in a man of this age.^ui 

Another case of hypertension associated with a solitary kidnev sunolipfl 
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about 1 year before deatli, followed by rapid loss of vision 0 months later. 
Terminally the blood pressure was 200/140 and death occurred in uremia. 
Congenital absence, of the left kidney, ureter and renal artery was dis- 
covered at autopsy, and the single remaining kidney showed marked 
sclerosis of intrarenal vessels, atrophy of glomeruli and tubules, and slight 
arteriolar necrosis. There was partial obstruction of the right renal 
artery due to a small, localized dissecting aneurysm and an arteriosclerotic 
plaque at the mouth of the vessel. In aildition, the branches of the renal 
artery entered the kidney at a sharp angle. .Any or all of the above 
disturbances could have caused renal i.schemia, and the presence of marked 
vascular changes within the kidney is an added complication. This case 
illustrates some of the problems encountered in interpreting the relation- 
ship between hypertension and narrowing of the main renal artery. 

In the case reported by Stewart-®, a 37 year old man with hypertension 
of less than 3 years duration who died from uremia with cardiac decom- 
pensation and anemia was found to have the orifices of both renal arteries 
surrounded and markedly stenosed by arteriosclerotic plaques. Both 
kidneys were considerably reduced in size, weighing 75 and 90 gm., and 
.showed no arteriolar sclerosis but wide.spread destruction of parenchyma 
with fibrosis and lymphocytic infiltration. The changes were interpreted 
as the result of ischemic atrophy, and the view was siqjported by the fact 
that an aberrant artery apparently supplied additional blood to the least 
affected portions of each kidney. Although the author’s interpretation of 
this case, that reduction in size of the orifices of the renal arteries resulted 
in a sufficient degree of ischemia to produce atrophy of the kidneys, is a 
tempting one, it is difficult, from the clinical and pathologic findings, to 
e.vclude some obscure intrarenal lesion as the initiating factor. 

Finally such cases of arteriosclerotic occlusion of the main renal arteries 
associated with hypertension as those presented by Leiter (Case 2),*® 
Saphir and Ballinger (Case 3),-' and Tomlinson-® hardly warrant inclusion 
in this review, since in each instance widespread changes in the renal 
parenchyma, sufficient in themselves to have caused the hypertension, 
were present in addition to the. occlusive lesion in the renal arteries. 

Seeing in these lesions a probable counterpart of the renal artery clamp 
used in the production of e.xperimental hypertension, various investigators 
have endeavored to test the validity of the Goldblatt mechanism in 
humans by a statistical study of the occurrence of arteriosclerotic narrow- 
ing of the renal artery or arteries in large groups of autopsied cases of 
hypertensive and normotensive individuals. 

One of the early references to renal arteriosclerosis as a possible factor 
in the production of hypertension was made by jMoritz and 01dt.®‘ These 
authors, in a study of arteriolar disease in a series of 100 hypertensive and 
100 non-hypertensive indi^^duals, found only “three cases of chronic 
hypertension in which there was no significant degree of renal arteriolar 
sclerosis.” In all 3 cases arteriosclerosis of the main renal arteries was 
thought to be of sufficient severity to account for a decrease in the blood 
flow through the kidneys. Detailed descriptions of the vessels were not 
reported, however, and no mention was made of the state of the renal 
arteries in the other 97 hj^pertensive cases nor in the control group. 

In 1939 Oppenheimer, Klemperer and Moschkowitz- reported IS cases 
of unilateral renal artery constriction, presumably due to arteriosclerosis, 
from a series of 5000 consecutive autopsies performed at the Mount Sinai 
Hospital, New York City. Of this group S3 % had hypertension, but in 
every instance there was evidence of definite intrarenal arterio- and 
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arteriolar sclerosis with arterial narrowing on the affected side which, at 
times, was even more marked than in the opposite kidnej'_. From this 
finding and the associated severe arteriosclerosis of tlie aorta in these cases 
and controls with hypertension, it was concluded that the renal arterial 
constriction was an effect rather than a cause of the hypertension. Also 
in 1939 Blackman- found arteriosclerotic narrowing of one or both main 
renal arteries in 86% of 50 cases of essential hypertension as opposed to a 
comparable degree of arteriosclerosis and stenosis in only 10 % of a control 
group of 50 non-hypertensive cases. Changes in the intrarenal arteries 
were present in every instance. There was a much lower incidence of 
acute arteriolar lesions in kidneys of which the main renal arteries were 
markedly narrowed. This suggests that the occlusive lesions exert a pro- 
tective action on the blood-vessels of the affected kidneys in the terminal 
phase of the disease, but no light is thrown on the question of their etiologic 
relationship to the hypertension. 

Essentially similar results have been more recently reported by Richard- 
son.-^ In a series of 145 almost consecutive autopsies, 32 cases of essential 
hypertension Avere encountered. Of these, 25 showed the presence of 
arteriosclerotic plaques causing A’arying grades of stenosis of one or both 
main renal arteries. This finding contrasted sharply with that in 113 non- 
hypertensive controls where comparable lesions in the main renal arteries 
were seen in only 3 cases. As in the other series revicAved, arteriolar 
sclerosis Avas found in the kidneys of practically all the hypertensive group, 
irrespective of the presence or absence of stenosis of the main renal artery. 
Richardson attempted to reconcile this occurrence, Avith the constant 
absence of such intrarenal sclerosis in experimental hypertension due to 
clamping the renal arteries, by suggesting that any protective action occurs 
only in the late stages of the plaque deA'elopmentAA'hen stenosis is extreme, 
Avhereas blood pressure increases Avith the gradually increasing ischemia. 

The results of the most recent study of the relationship between arterio- 
sclerosis of the renal artery and hypertension, by Lisa, Eckstein and 
Solomon,'^ differ markedly from those of the authors already quoted. In 
100 consecutive cases coming to autop.sy in A\diich blood pressure readings 
were available, hypertension Avas present in 56, A\dnle 44 Avere non-hyper- 
tensiye. No appreciable difference in the aA'erage diameter of the renal 
arteries Avas found in the 2 groups, and in only 2 instances Avas there any 
marked stenosis due to arteriosclerotic plaques. Of interest also in this 
senes Avas the large number of non-sclerotic renal A'essels found in the 
hypertensive group. In 40% of these individuals, the Amssels Avere re- 
garded as normal Avhile arteriosclerosis Avas absent in 56.8% of the non- 
hypertensives. Another significant finding Avas that little, if any, correla- 
tion could be demonstrated betAveen the amount of sclerosis and the degree 
of constriction of the renal arteries. 


Conclusions in the studies of Blackman* and Richardson*'' Avere based 
on similar methods of measuring the lumen of the renal arteries. This 
inAmlved sectioning the vessels after fixation and estimating the degree of 
stenosis. In Blackman’s report, actual measurements Avere made from 
stained microscopic sections. Lisa et ol, on the other hand made measure- 
ments of the arterial lumina in the unfixed state Avith graduated sounds 
and compared these with the size of the arteries measured according to 
iilackman’s method. There was no constant relation between the size of 
the vessels when measured by these 2 methods and many non-sclerotic 
vessels Avith a good calibre in the unfixed state showed a considerable 
degree of narroAvmg after fixation and staining. On the basis of these 
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findings, it would seem that attempts to correlate the degree of narrowing 
of the lumen which existed during life with that observed in fixed, stained 
seetions are of very questionable value. 

From the above reports, it is apparent that atheromatous plaques in the 
renal arteries, usually associated with severe atherosclerosis in the aorta 
and elsewhere, occur in a high percentage of individuals with “essential” 
hypertension. However, critical analysis of the evidence would seem to 
favor the view that these lesions are .secondary or incidental to the hyper- 
tension rather than causative in all but the few instances in which renal 
arteriolar sclerosis is absent. 

Emboi.ism .\nd Tiiuo.mhosis. The association of hypertension with 
partial or complete occlusion of the main renal arteries resulting from 
thrombosis or embolism has received relatively little attention in the past. 
However, a study of lesions of this type may well prove to be most fruitful 
in attempting to solve some of the still unanswered problems concerning 
the relationship between c.xpcrimental and human hypertension. 

It is often difficult, or even impossible, to ascertain definitely in this type 
of case whether the occlusion is due to embolism or thrombosis vi sHu 
so that the two will be considered together. The literature contains very 
few examples of thrombosis of the main renal artery associated with 
hypertension, and it is only within the past few years that hypertension 
and renal artery embolism with infarction have been linked together. In 
fact, it has frequently been stated tlmt renal infarction is not followed b^’ 
an elevation of blood pressure. 

The often quoted case of Boyd and Lewis^ in which relief from hyperten- 
sion resulted after the removal of a partially infarcted kidney possibly 
belongs in this group, but cannot be seriously considered because of the 
lack of specific pathologic details and the suggestion by the authors that 
widespread vascular changes throughout the kidney had greater signifi- 
cance than the infarct. 

Four cases of liypertension due to renal embolism ])aA'e been reported 
by Fishberg.® In the 1st of these a transient rise in blood pressure of 
4 days duration occurred following events which led to a clinical diagnosis 
of infarction of the left kidney. The 3 other individuals, each suffering 
from mitral stenosis, developed hypertension which persisted until death, 
at variable periods after the occurrence of renal artery embolism. On 
postmortem examination complete occlusion of the main trunk of the 
right renal artery with massive but not complete infarction of the kidney 
was observed in 2 instances. No e.xcretion of dye took place on the 
affected side following intravenous pyelography nor was any urine obtained 
by ureteral catheter in 1 of these cases. In the 3rd case, the only one in 
which renal failure developed, the left main trunk and the right middle 
branch of the renal arteries were involved. 

Prinzmetal, Hiatt and Tragerman®* made a careful study of a patient 
with chronic rheumatic heart disease who developed hypertension several 
days after an attack of abdominal pain. Death occurred in uremia 3 weeks 
later, during which time the elevation of blood pressure persisted while 
there was progressive suppression of urine and retention of nitrogen. An 
autopsy revealed thrombotic occlusion of both main renal arteries, prob- 
ably embolic in origin, and e.xtensive though incomplete bilateral infarc- 
tion of the kidneys. Perfusates of 1 kidney contained a pressor substance 
similar to that found in perfusates of ischemic Iddneys of animals. In 
this case the hypertension was presumed to be due to the same mechanism 
as that responsible for the hypertension following the termination of com- 
plete renal ischemia in experimental animals. 
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From the clinical standpoint, thrombosis of the renal artery has not 
been stressed until recently. Wolft'e,®== in a report confined almost exclu- 
sively to immediate clinical manifestations, discussed 27 cases in which 
a diagnosis of thrombosis of the main renal artery or its branches was made. 
The criteria on which the diagnosis rvas based are not too firmly estab- 
lished since in only 1 instance was postmortem confirmation obtained. 
However, it is interesting to note that a sudden elevation of blood pressure 
occurred in a high percentage of the more severe cases. 

Saphir and Ballinger-' were the first to present a detailed report of 
hypertension associated with thrombosis of 1 main renal artery (Case 1). 
It concerned a 4(1 year old male in whom arterial hypertension was first 
noted 3 years after a fracture of the pelvis. Two years later following an 
automobile accident, a retroperitoneal mass was discovered in the left 
upper quadrant. Death occurred in uremia about 9 months later follow- 
ing the development of congestive heart failure, and while the patient 
was under observation in hospital the blood pressure readings varied from 
205/100 to 254/120. Pyelography showed excretory function to be e.xceb 
lent, and the left kidney was depressed by an extrinsic mass. At autopsy 
the left renal artery was smaller than the right, the orifice was markedly 
stenosed, and the lumen was almost completely occluded by old organized, 
partially calcified, thrombus material and some more recent thrombus. 
The left kidney revealed no abnormality other than a small area of infarc- 
tion, whereas the right kidney with a widely patent artery presented a 
typical picture of malignant nephrosclerosis. The mass palpated clini- 
cally proved to be an organized hematoma of the left adrenal gland. 
There can be little doubt that a causal relationship existed between the 
constriction of the left renal artery and the hypertension. However, the 
exact sequence of events and the role of the thrombosis, exclusive of the 
other stenosing factors in producing the ischemia, would seem to be matters 
for speculation. 

Two additional cases of unilateral renal artery thrombosis with hyper- 
tension, observed by the llevierver within a period of 5 months, and at 
present being prepared for publication, will be briefly summarized; 

The first patient, a healthy 59 year old male, with no previous com- 
plaints referable to his terminal illness, was found to have a sj'stolic blood 


pressure of between 180 and 190 mm. of mercury 5 weeks after the last 
of a series of routine periodic examinations. Previous blood pressure 
readings taken on numerous occasions had averaged 140/80. Hyperten- 
sion persisted, despite intermittent red rest, over a period of 3 months 
after which time the patient entered hospital for investigation. Physical 
examination was essentially negative except for a chronic pansinusitis and 
a blood pressure of 192/122. A careful study of the genito-urinary tract 
revealed a small non-functioning right kidney, and a large left kidney with 
normal function. There was no retention of nitrogen, but the urea" clear- 
ance was diminished to about 50% of normal. The blood pressure 
remained at high levels which ranged between 180 to 220 systolic and 
120 to 140 diastolic with occasional peaks as high as 250/150 mm. of 
mercury. Approximately 5 months after the hypertension had been dis- 
covered, a right nephrectomy was performed. At operation, which had 
been delayed for severiil weeks on account of a troublesome sore throat 
no pulsations could be felt m the right renal artery. Postoperatively the 
blood pressure fell within a few hours to 140/60 and on the following day 
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The riglit kidney, removed surgically, weighed 134 gm. and showed no 
infarction or other gross almormalities. Microscopically there was a con- 
spicuous absence of vascular sclerosis afl’ecting either arterioles or arteries. 
At autopsy the right renal artery", which had l)een ligated close to the 
kidney, was occluded near the aorta by a mass of thrombus material G mm. 
in length. The central part of this thrombus was organized and recanal- 
ized while at either end it appeared more recent anfl was undergoing 
organization. The abdominal aorta was the seat of marked arteriosclerosis 
but in both renal arteries atheromatous changes were minimal. The left 
kidney weighed 25.o gm. and the histologic appearance was that of e.xtreme 
hypertrophy. In tin's, the unobstructed kidney and in other organs, 
notably pancreas, adrenals and liver, there was a diffuse hyaline thickening 
of small arterioles. The heart was hypertrophied and there was a wide- 
spread, early, acute bronchopneumonia in both lungs. 

It is impossible to determine whether the arterial occlusion resulted 
from thrombosis ??; nifu or embolism from a mural thrombus in the abdom- 
inal aorta, but since the age of the thrombus in the right renal artery 
could readily approximate the 5 months duration of the hypertension, it 
seems reasonable to assume that occlusion of this vessel with the resulting 
unilateral ischemia initiated the sudden elevation in blood pressure. 

The second case is that of a rio year old male who was admitted to hospi- 
tal with a diagnosis of hemorrhage from a gastric ulcer. There was no 
previous histori* of hypertension, but despite a considerable degree of ex- 
sanguination over a period of 2?, weeks the blood pressure readings averaged 
150/90. During this time transfusions and conservative treatment failed 
to cause improvement and the hemorrhage was finally arrested by a wide- 
spread ligation of blood-vessels supplying the lesser curvature of the 
stomach. Shortly after this operation the blood pressure rose to 200/100 
and remained at consistently high levels up to 2G0/150. The patient had 
a con^mlsive seizure on the second postoperative day. Following this, 
during a period of improvement, an intravenous pyelogram failed to show 
any excretion of dye on the left side and retrograde studies revealed a small 
left kidney without appreciable function hut with a normal pelvis and 
ureter. Renal function was fairly good as indicated by a 40% excretion 
of phenol sulphonphthalein in 2 hours and a blood non-protein nitrogen 
level of 32.8 mg. per 100 cc. These studies suggested that an anomalous 
left kidney might be the cause of the hypertension and left nephrectomy 
was planned. However, ijefore this could be carried out, the patient had 
a second generalized convulsion followed l)y death 2 weeks later and 
6 weeks after the gastric operation. 

At autopsy the main branch of the left renal artery was completely 
occluded near its orifice, by a relatively recent, organizing thrombus. 
This blocked the lumen for a distance of approximately 1 cm., had occurred 
over an area of moderate arteriosclerosis and appeared to have been pres- 
ent for at least 4 to 6 weeks. The lower abdominal portion of the aorta 
showed marked arteriosclerosis. The left kidney was atrophic, weighing 
only 75 gm. and contained a recent infarct at the upper pole posteriorly, 
related to a small, somewhat narrowed, extrarenal branch of the renal 
artery. Microscopically, the non-infarcted tissue appeared slightly con- 
densed but othervdse normal, and there was no suggestion of arteriolar 
sclerosis. The right kidney was relatively hypertrophied, weighing 180 gm. 
and on histologic examination, numerous thickened, hyaline arterioles 
were encountered. The heart was not appreciably hypertrophied. 

There is little reason to doubt that the hypertension, at least at its 
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terminal level, was related to the profound circulatory disturbances in the 
left kidney. The postmortem findings do not suggest that either the 
hypertension or the renal artery thrombosis had been present before the 
terminal illness, and it is quite possible that a sudden onset of hyperten- 
sion shortly before admission to hospital precipitated the gastric hemor- 
rhage. On the other hand, the occurrence of thi’ombosis or embolism at 
the time of operation cannot be entirely excluded. 

Congenital Lesion. The well known and frequently quoted case of 
Leadbetter and Burkland’® still remains the most clear-cut and possibly 
the only convincing human counterpart of the “Goldblatt phenomenon” 
as seen in experimental animals. In this instance a colored boy \s’as 
found to have an enlarged heart at the age of 6 months. Hypertension 
was definitely established when the child was 3 years old and the first 
blood pressure determinations were made. Further studies at this time 
disclosed an ectopic right kidney. No relationship between the hyper- 
tension and the ectopic kidney was considered until 2 years later when 
nephrectomy was performed. The lumen of the right renal arterj" was 
found to be almost completely occluded by a mass of smooth muscle, a 
lesion which was probably congenital in origin. The blood pressure fell 
promptly after operation to a relatively normal level and a subsequent 
report published 3| years later stated that there had been no return of the 
hypertension.*"' At this time the child, aged 9 ye.ars, was healthy and 
active with a blood pressure stabilized at about 105/65 mm. Hg. 

Narrowing Due to Extrinsic Factors, Kinking and Toksion. Obstruc- 
tion of the renal artery due to rotation and twisting of the pedicle of a 
movable kidney should theoretically correspond in some measure to inter- 
mittent clamping of the renal artery in experimental animals; but ortho- 
static hypertension is apparently not very frequently associated wu'th 
nephroptosis. However, McCann and Romansky-® demonstrated quite 
clearly, in a small group of cases with nephroptosis, that the blood pressure 
was elevated and that the total renal blood flow was diminished in the 
erect posture as compared with the findings when the individuals were 
recumbent. Their postulation of a transient interference with the blood 
supply of the kidney resulting in increased renin production, under these 
conditions, seems quite reasonable, although attempted fixation of the 
kidney by nephropexy or the application of a belt did not appreciably 
reduce the blood pressure. 

Riskind and Greene-® subsequently reported the case of a 47 year old 
woman, suffering from menopausal symptoms, whose blood pressure over 
a 2 year period ranged between 170/100 and 220/120. Complete bed rest 
in the horizontal position lowered the blood pressure to some extent and 
retrograde pyelo^aphy revealed no abnormalities in the recumbent posi- 
tion. However, in the upright position a 45 to 60 degree torsion of the 
pelvis on the right side was noted. The patient’s course was reported 
for 1 year after the application of a corset, during which time a relatively 
normal blood pressure was maintained except for occasional periods when 
high levels were recorded. These were usually associated with removal 
of the corset. 


The relatively scant data in this field suggest a definite relationship 
between the hypertension and disturbances in renal blood supply, but the 
role played by such factors as obstruction to the venous return from the 
kidneys and to the outflow of urine needs further elucidation 
Anedrysm of Renal Artery. Aneurysms of the renal artery ; although 
questionably producing occlusive lesions, will be brieflv discussed Howard 
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Forbes and Lipscomb’^ were perliaps the first to draw attention to the pos- 
sible relationship between this relatively uncommon condition and hyper- 
tension. They reported the case of a o year old girl whose blood pressure 
was known to be within normal limits G months before the occurrence of a 
small cerebral hemorrhage in the right frontal region. The blood pressure 
at this time ranged between 15S/90 and 200/140. Hypertension persisted 
and retrograde pyelography on 2 occasions revealed no abnormality. 
The urine contained a few casts and a trace of albumin. A right lumbar 
sympathectomy had no eflcct on the blood pre.ssurc and 2 weeks later 
during a .sympathectomy on the left side, a thin-walled, multilocular, pul- 
sating mass Avas found attached to the left renal artery. Tlie vessel Avas 
ligated through the mass and the left kidney AA’as rcmoA’ed. The blood 
pressure Avhich aa’us 170/100 before nephrectomy fell AA'ithin 5 minutes to 
140/90 and remained at slightly elcA'ated levels in the neighborhood of 
125/90 for 9b months. Interpretation of this case is extremely compli- 
cated, since a possible ell’ect of the bilateral sympathectomy cannot be 
e.xcluded, and pathologic examination of the kidney remoA'cd at operation 
reA’ealcd subchronic glomerulonephritis. This Avas presumably related to 
an attack of acute hemorrhagic nephritis diagnosed Avhen the child was 
2 years of age and could readily account for the postoperatiA'e persistence of 
a slight elevation of blood pre.ssure and moderately loAA'ered urea clearance. 

All previously reported cases of aneurysm of the renal artery AA'ere. 
revicAved in 1932 by Mathd*^ and the rcA-icAv A\'as brought up to date in 
1943 by Low.sley and Cannon.^® In only 4 of the first group of 56 cases 
AA’as hypertension noted Avhile 2 others shoAved cardiac hypertrophy. In 
the later series, hypertension AA-as present in 4 out of 21 cases smd aa’us 
apparently cured bj’ nephrectomy in 1 instance. It is, of course, quite 
possible that an aneurysm in this location could alter pulsation AA’ithin the 
kidney or cause ischemia by direct pressure on tlie renal pedicle, but aA’ail- 
able data provide little more than a suggestion of an occasional association 
betAA’een this type of lesion and hypertension. 

External Pressure. Reported cases of hypertension associated AA’ith 
constriction of one or both renal arteries by pressure from AA’ithout are 
fcAV in number and the actual frequency of such an association is probably 
not accurately reflected in the literature. The 4 cases rcA’icAved beloAv 
illustrate the pressure effects of AA’idely different lesions. They are perti- 
nent to the present discussion, because each is cited by the respectiA’e 
authors as an example of the operation, in man, of the Goldblatt mechan- 
ism of the production of hypertension. 

In the case of Blatt and Page^ a male aged 38 years died about 11 months 
after the onset of symptoms referable to a Avidespread lymphosarcoma. 
Earlj’ in the course of the disease he dcA’eloped a persistent hypertension 
and at autopsy a large mass of tumor tissue Avas found enveloping the 
kidneys, renal A’essels, ureters, abdominal aorta, inferior A’ena caA’a and 
adrenal glands. Some evidence of early glomerulonephritis Avas also 
found on histologic examination of the kidneys. Although fully aAvare of 
the numerous possible factors in this case that might liaA’e been responsible 
for the development of hj’pertension, the authors stress partial constriction 
of the renal arteries as the most important single factor. 

The association of a large hydatid cyst of one kidney Avith a clinical 
picture of malignant hypertension and the typical changes of malignant 
nephrosclerosis in the opposite kidney Avas reported by DaA’son.'^ Although 
partial occlusion of moderately large branches of the renal artery Avas 
demonstrated at autopsy, the simultaneous occurrence of dilatation of the 
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renal pelvis ■with compression and fibrosis of kidney parenchyma makes 
an exact reconstruction of the mechanism of disturbed blood supply im- 


possible in this instance. 

A more clear-cut example of hypertension related to external pressure 
on one renal artery is found in the case described by Hoffman.'- ^ This 
concerned a 28 year old negro with syphilis and hypertensive heart disease. 
Death occurred about 1 year after the onset of symptoms, and a post- 
mortem examination revealed a saccular aneurysm of the aorta, G cm.^ in 
diameter, which was wedged bet'ween the aorta and the left kidney, causing 
marked compression of tlie renal artery and vein. The kidney with the 
disturbed blood supply was atrophic, whereas the opposite kidney was 
hjTJertrophied. 

' In contrast to the 3 previous fatal cases, the last to be described, reported 
by Farrell and Young,® was apparently cured by nephrectomy. An 18 year 
old male was found on routine examination to have a blood pressure of 
154/102 mm. of Hg and physical examination revealed a large mass in the 
region of the right kidney. An intravenous pyelogram showed no abnor- 
mality but on retrograde pyelography distortion and displacement of the 
right renal pelvis was noted. The right kidney, removed at operation, 
was encased in a large cystic structure, diagnosed pathologically as an old 
organized and partially calcified hematoma, which probably resulted from 
an injury incurred when the patient was 6 j'ears of age. Two thickened 
and narrowed renal arteries entered the kidney through the wall of the 
cyst which presumably also surrounded the renal veins. Histologic 
changes in the kidney were minimal. The mechanism of production of 
the hypertension in this case xvas thought to be similar to that in experi- 
mental cellophane perinephritis, but it is difficult to exclude the effects of 
compression of the extrarenal blood-vessels. 

In all instances of extrinsic pressure on the pedicle of the kidney, whether 
associated with hypertension or not, venous or ureteral compression is a 
distinct possibility, if not an actuality, so that the specific effect of arterial 
occlusion cannot be clearly evaluated. 

Summary and Conclusions. The actual number of reported cases in 
which hypertension is associated with obstructive lesions of one or both 


main renal arteries in man is not large and in only a small percentage of 
these can a definite etiologic relationship be established between the vascu- 
lar lesion and the elevation of blood pressure. Most of the material 
reviewed consists of fatal cases in wdiich attempts have been made to 
correlate postmortem findings wdth hypertension observed before death. 
A great deal of indirect, but highly suggestive evidence, in favor of an 
etiologic association between occlusive lesions of the main renal arteries 
and hypertension, is supplied by this group of cases, although in many 
instances exact interpretations are rendered difficult or impossible by the 
coe.xistence of other intrarenal or extrarenal lesions, possibly responsible 
for the initiation or accentuation of hypertension. In the face of such 
complicating factors there has perhaps been too great a tendency to 
assume the action of the “Goldblatt mechanism” merely because of the 
presence of a lesion which narrowed the lumen of one or both main renal 
arteries. On the other hand, it is noteworthy that no evidence, opposed 
to the view that experimentally produced hypertension has a human 
covmterpart, was encountered. From the findings in occasional specific 
instances, benefited by nephrectomy, it can be reasonably concluded that 
a mechanism, similar to that responsible for the production of hynerten 
Sion following the application of a clamp to the main renal artery in 
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experimental animals, is capable of acting in the human subject. Despite 
the relatively few reported cases in which occlusion of the main renal 
artery apparently played a role in the production of hypertension, the 
wide variety of lesions capable of causing arterial obstruction suggests that 
the action of this mechanism may occur more frequently than is indicated 
by the literature. 
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Disease in War Time. Prior to December 7, 1941, few Americans were 
concerned with the possibility of the entrance of exotic diseases into the 
continental United States. Public health®^ and military officials,^" how- 
ever, have been deeply concerned for many years, fearful of the extension- 
of the plagues of war to this continent. Although war is often limited 
by political boundaries, disease recognizes no such limitations. Bacteria 
do not recognize any law and are equally dangerous to friend and foe. 

Since the beginning of history, wars^* have inevitably been attended by 
pestilence and disease. Throughout the records of man,-® famine and 

* On active .service in the Armed Forcc.s of the United States. 
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disease are constant companions of war. Their goal is death and destruc- 
tion. The outcome of campaigns and the course of historj' have, upon 
occasion, been determined not by military operations but rather by disease 
outbreaks and epidemics. Nations have been defeated by war-brought 
pestilence. Armies'*'’ have been decimated by malaria, smallpox and 
plague. European history is, in fact, full of accounts of “ French” disease, 
“Spanish” disease and others where armies have been traveling reservoirs 
of infection, spreading both endemic and epidemic disease throughout the 
area ’which they invaded. Tlie resulting outbreaks have, however, in the 
main been restricted to zones of military operations and only rarely fol- 
lowed the soldier on his return home from distatit war fields. 

Prior to the 20th century,® wars were characterized l)y great epidemics 
of typhus fever, smallpox, typhoid fever, dysentery, malaria, cholera and 
bubonic plague. In 20th century warfare, influenza, meningococcus men- 
ingitis and other respiratory and arthropodal-borne diseases are the chief 
concern of the military and civilian health authorities. L nder war condi- 
tions,'® many of the safeguards of the health of Imtb military and civilian 
populations are abandoned. The intimate contact between individuals 
who are herded into concentration or militarj' camps, or who are crowded 
into bombshelters, or into confined quarters in an effort to keep warm, 
provides ample opportunity for the transfer of exoparasites or direct 
infection. Under such primitive environmental sanitation and inadequate 
personal hygiene, conditions for the spread of infections are ideal. This 
concentration and movement of armies and refugees, accompanied by the 
hardships of e.xposure and fatigue, malnutrition and the lack- of proper 
medical care, provide the fuse for explosion of widespread epidemics. 

More soldiers were killed by infectious disease than by bullets in all 
wars prior to the Franco-Prussian War of 1870, at which time,the German 
armies reported more deaths from battle than from disease. In the 
Russo-Japanese War of 1904, ijoth sides experienced more disability from 
war ca.sualties than from infectious disease. Our own A.E.F. of 1917 and 


1918,® in spite of the toll of influenza, reported fewer deaths from sickness 
than from battle. If, however, the data for the entire United States 
Army, at home and abroad, are taken into account, the deaths from disease 
in those years were more numerous than those from battle casualties. 


World War I. During and after World War I, all infectious diseases 
normally prevalent, except the common childhood diseases, were highly 
prevalent in eastern Europe. There was an epidemic of typhus fever and 
relapsing fever through eastern Europe, especially Russia, Poland and 
Siberia. Fortunately, these diseases did not spread into western Europe 
and to regions where the American army was fighting. Overshadowing 
all other epidemics was the influenza pandemic which caused an increased 
fatality from pneumonia. Meningococcus meningitis was epidemic, while 
dysentery, smallpox, tuberculosis and venereal disease increased in preva- 
lence. Since the vast portion of the fighting in World War I occurred in 
continental Europe, tropical disease played a relatively minor r61e except 
for malaria, which became highly epidemic in certain regions of southern 
Europe. Malaria'® was victor in Macedonia and decimated the opposing 
armies to a pathetic ineffectual fraction. Although it had previously dis- 
appeared from most of Europe,® malaria returned with the soldiers and 
refugees to central and northern Europe to ravage the civilian population 
for over a decade. The United States, fortunately, escaped the importa- 
tion of tropical diseases which were stirred up in that conflict. Since our 
armies did not fight m the areas where these diseases were prevalent thev 
did not succumb to them; nor did they bring them back upon their return 
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The Present AYar. This global war^' is much more hazardous to civil- 
ian populations than any in history. Zones of intensive military activity 
extend to all continents, into jungles, subtropical and tropical countries 
and areas where tropical diseases are endemic, if not hyperendemic. The 
civilian population in these regions is being exposed to additional hazards 
caused by the shifting of military populations, and civilian populations 
behind areas of military operations are exposed to the potential hazards 
of disease returning with the moving troops. The mass movement of 
refugees and of routed armies particularly predisposes to the spread of 
infectious disease. It is probable that the peak of infection will not reach 
its maximum until after the ce.ssation of actual warfare, and it is probable 
that with the ensuing transfer and readjustment of population, a return 
to the usual prevalence of infectious diseases may not be e.xpectcd for 
many years. 

A\ith battles raging in all parts of the globe, especially the tropics and 
subtropics, the military personnel is exposed not only to the classical war 
diseases but to many new hazards. Most important of these are the 
infectious tropical discase.s-'' which for generations have subjugated native 
races. 

Large numbers of non-immune, susceptible individuals are being con- 
centrated into areas where so-called tropical diseases are prevalent. 
Although under peacetime conditions,^’ known effective control measures 
can reduce the rates of many of these diseases to a minimum, under battle 
conditions it is often impossible to apply preventive measures. The per- 
sonnel is, therefore, afforded only limited application of control measures 
and is often exposed to infection of tropical diseases under most trying 
circumstances. An entire new galaxy of tropical diseases faces the soldier 
as he struggles through tropical jungles and swamps, through native 
settlements whose populations are overflowing caldrons of infection. 

Prevalence of Tropical Diseases. For many years, tropical diseases'*’ 
were regarded as indigenous only in tropic and subtropical areas; but 
today it is known that the term “ tropical must be interpreted rather 
as the usual abode of these diseases, but by no means their geographic 
limitations. Y'ellow fever, for example, has been epidemic at times in 
most of the ports along the Atlantic Seaboard as far north as Boston and 
New Bedford. Fortunately, these outbreaks were limited to the summer 
and died out with the onset of cold weather. 

Filariasis was formerly endemic in South Carolina. Dengue’ has been 
endemic along the Gulf of Mexico Coast for generations. Murine typhus” 
has been endemic along the Pacific, Atlantic and Gulf of Mexico Coasts. 
Cholera has been epidemic in most of America’s seaports. Relapsing fever 
has been reported from the Pacific and western states. Kala-azar {Lcish- 
mania donovani) has been reported from the southwestern states. Malaria 
has existed in the United States since the earliest colonial times, and about 
1,000,000 new cases are reported annually. In 1935 the death rate from 
malaria for the United States^’ was 3.5 per 100,000; in 1941 it reached 
the low rate of only 0.9. 

Tropical diseases’’ are more prevalent in the warmer regions, and are 
due to all types of etiologic agents, bacterium, virus, rickettsia, protozoa 
or metazoa parasites. Many require particular intermediate hosts and 
special arthropodal vectors. Some of these diseases are limited by special 
factors such as climate, distribution of the intermediate hosts, availability 
of the arthropodal vector” or carrier and so forth. A few of these arthro- 
pod-borne tropical diseases are a menace to the United States, as malaria. 
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Other tropical diseases, which are spread by the lack of proper sanitation 
and personal hygiene, tend to have world-wide distribution in of 

poor sanitation; but these should be of no serious danger to the civilian 
population of the United States unless there is a breakdown in water and 

sewage disposal facilities. ^ i i xc 

Two important problems face ciidlian physicians and healtli olhcers in 
the United States: U) the diagnosis and treatment of the returning 
personnel who may be infected with a tropical disease; (2) the possible 
importation-' of tropical disease into the United States. 

Diagnosis and Treatment. Probably no branch of luedicine has 
advanced as rapidly in diagnosis and treatment as has tropical^ medicine 
in the past 50 years. Schools and institutes for research in tropical medi- 
cine are increasing in number and in geographic spread, until now almost 
every country has one or more centers for the study and teaching of 
tropical medicine. 

The Army and Navy medical authorities-® have felt that the subject of 
tropical medicine has not been taught with sufficient thoroughness in the 
medical schools of this country. Consequently, these services have made 
provisions for supplementary training of their medical personnel in the 
treatment and control of these diseases. Moreover, a plan for the im- 
provement of the teaching of tropical medicine in the medical schools of 
the United States and Canada has been developed through the cooperation 
of the Association of American Medical Colleges, the John and Mary R. 
Markle Foundation, the Office of the Surgeon-General of the U. S. Army, 
the National Research Council,. the .A.rmy Medical School and Tulane 
University. The plan consists in offering to each medical school an 
opportunity for 2 members of its staff to attend a course in tropical medi- 
cine. Medical schools, in turn, have expanded their teaching of tropical 
medicine, and many physicians are now treating these diseases, as military 
activities enter areas of tropical disease prevalence. However, not all 
cases of tropical diseases will be diagnosed, treated or cured by military 
physicians. Some patients may not develop symptoms until after dis- 
charge and return to their homes, whereas others may have recurrences or 
unrecognized infections ; many of these Avill come to the family physician 
for treatment. 


Not all diseases^ contracted in the tropics are necessarily exotic diseases. 
The attending physician must bear in mind the fact that diseases of the 
temperate climate also exist in the tropics'*® and that these must be con- 
sidered in the differential diagnosis of an illness in a patient who has 
returned from the tropics. 

As Strong^'* ably indicates— one of the first questions to be asked a man 
suspected of having a tropical disease is, “Where have you been during 
the past months and years?” Thus, from a knowledge of the geographic 
distribution of diseases, the physician can obtain a clue. The diagnosis of 
tropical disease, as with other infectious disease, depends upon the patient’s 
history, the physical and laboratory examination, and the physician’s 
knowledge of the disease involved. It has been emphasized that tropical 
diseases do not necessarily predominate in most tropical countries. More- 
over, these diseases may present an unusual or bizarre picture in temperate 
zones. If the attending physician, after a careful history and examina- 
existence of a tropical disease, it is best to call a con- 
sultant who IS experienced m the diagnosis and treatment of these diseases 

loivl^r individual is no 
longer his sole responsibility and affair. The community is concerned 
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especially witli any ease of infections disease wliieli may aet as a foeus of 
spread. Certainly, a ease of active malaria is of eoneern to a liealtli 
officer in a New J-aij,dand (•omninnity where Aiwphrlrs quadTuniwitkiim 
abound. Similarly, dengue is important to the southern eoniinnnity, and 
such diseases as bacillary dy.sentery, cholera, plague or typhus are of con- 
cern to every health officer. Recognizing the potential dangers’’ of the 
importation of tropical diseases, the Army’’® and Navy,’’'' in cooperation 
with the L nited States Public Health Service, are preparing detailed plans 
to protect the civilian population against c.vtensive e.vposure to these 
diseases. ^Moreover, these service.s’’^ have taken every known control 
rneasure against tropical diseases. Through active research, in coopera- 
tion with various civilian group.s, they have developcfl additional protective 
measures. 

Control by the Army and Nary. Personnel of the military services’* 
receive routine vaccination against smallpo.x, typhoid and paratyphoid A 
and B. All military personnel on induction are now immunized, as in the 
Army,-^ by 3 injections of plain or liejuid to.void or, as in the Navy and 
Marine Corps,-® by 2 injections of alum-precipitated tetaniLS to.void. 

l ellow fever vaccine, manufactured by the United States Public Health 
Service and the Rockefeller Imundation, is administered to all personnel 
about to depart for areas in which the disease i.s prevalent. Under similar 
circumstances, typhus, cholera and plague viiceines are used. xVlthough 
the yellow fever vaccine is of proved value, the plague and cholera and 
typhus vaccines arc yet in the experimental stage, but are Ijelieved to be of 
value in the reduction of both mortality and morbidity. General Sim- 
mons'*- regards the present immunization program as one of the most 
potent weapons being used for the preservation of the health of the 
Army. 

The Army’^- established a Preventive Disease J]>ivision of the Surgeon- 
General’s office in 1941. The objectives of the division have been the 
maintenance and conservation of the health of the Army through the 
prevention and control of infectious diseases and the elimination of sani- 
tary, occupational and other health hazards. 

This division includes branches of Sanitation, Sanitary Engineering, 
Epidemiology, Laboratories, Military Oecupational Hygiene, Venereal 
Disease Control and Medical Intelligence. The Sanitation branch is 
concerned with the eradication of biting insects, the protection of troops 
against mites, ticks, lice, bed-bugs, fleas, mosquitoes, sandflies, gnats and 
biting flies, and Avith sanitation of Avater, food and AA-astes. The Sanitary 
Engineering branch is concerned AA'ith sanitary control of large Avater 
purification plants and scAvage disposal plants of a permanent nature. 
With the Corps of Engineers, it initiates and plans insect and rodent con- 
trol programs for posts in the zone of the interior. In the branch of 
Epidemiology, the section on tropical diseases initiates programs for the 
control of these diseases. These programs include the organization of 
special teams of highly trained control officers, extensiA'e training of medical 
personnel and the development of ncAv procedures for the control of tropical 
infections among troops. 

A ciAulian commission on tropical diseases, headed by Dr. Wilbur A. 
Sawyer, assists and adAuses the Army in its fight against these diseases. 
The Medical Intelligence branch collects, assembles and disseminates to 
troops embarked for a particular area all medical information Avhich may 
be of A-^alue in protecting the troops. For example, if malaria is preA'^alent 
in that region, then information as to the anophelines, the breeding and 
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feeding habits, is included. After collection, the data are studied and 
used to prepare comprehensive health surveys containing data on 
raphy, climate and population of the country, a section on the public health 
sendees and facilities for sanitation and medical care, and deitailed infOTma- 
tion concerning the important diseases and their epidemiolc^y. These 
surveys are distributed to commanding, officers and medical officers of all 
forces going to foreign countries. They are used as a basis for the specific 
recommendations made for the protection of all troops sent abroad. 

The Navy^ provides medical officers with special training in tropical 
medicine, and has recently reidsed a bulletin “Notes on Tropical and 
Exotic Diseases of Naval Importance.”^* The purpose of these notes is 
to present useful and up-to-date information on certain tropical and exotic 
diseases with which naval medical officers may have had limited experience. 
The bulletin contains an abundance of maps in color, depicting the geo- 
graphic distribution of tropical diseases. To Navy personnel 4 groups of 
disease are of greatest danger; malaria, dengue, dengue-like fevers (sand- 
fly fevers) and dysenteries (bacillary and amebic). Diseases listed as 
potential hazards, which do not occur or rarely occur at present among 
Navy personnel are; typhus and rickettsial diseases, cholera, yellow 
fever, plague, filariasis, the relapsing fevers, infectious jaundice and other 
leptospiroses and Bartonelloses (Oroya fever — Verntga peruana). Other 
diseases, such as hookworm infestations, schistosomiasis, trypanosomiasis, 
leishmaniasis, leprosy, yaws and pinta, are described as of secondary or 
little importance and are not apt to be of widespread occurrence or to 
cause great disability among Navy personnel. 

Although the possibility of the importation of tropical disease into the 
United States and in fact to all parts of the world, such as Australia and 
Great Britain, where these diseases are not usually prevalent, has been 
overemphasized, nevertheless this hazard does exist. In spite of all the 
precautions taken by the Army,*® Navy®® and the Public Health Service, 
not all cases will be identified, and not all returning ships and planes will 
be entirely ■without danger of transporting insects or rodents which may 
act as foci. 

Methods of Importation. A tropical disease may gain entrance into 
areas where it has not been prevalent by one of several methods ; 

1. Disease inay be introduced by carriers or cases of which some may not 
be recognized. The chances of this type of entrance are greater than ever 
because of the development of radar and the relative safety of both mili- 
tary and civilian aviation. It is entirely possible for a traveler to leave 
India and arrive at a Boston airport perfectly well, but later develop 
bubonic plague which he contracted in India. The problem presented by 
latent, unrecognized infection and the carrier state among the military 
personnel cannot be fully appreciated. The danger of importation of 
disease does not arise from the recognized and treated cases, but from these 
latent infections and carriers. 


_ 2. Animal rescrtoirs may be introduced from areas where the disease was 
indigenous and thereby bring the disease with them. This is thought to have 
been ^e means thereby equine encephalomyelitis*® was introduced into 

probably entered California by 
sylvatic plague to many wild 

rodents in the Pacific and western states as far east as the Mississippi. 

trLvZ'nV!: 4 aeroplanes, ships, or other of 

^7®^,'*'**® brought into Boston by clipper ship- 
Aedes wgyph mosquitoes bred on shipboard in open casks of freSi water. 
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The recent outbreak of malaria in Brazik® was due to the importation of 
Anopheles gambia from Africa by aeroplane. 

Jackson^i lists cholera, plague, smallpox, typhus, yellow fever, malaria 
and dengue as diseases of 2 day to 2 week incubation periods, and that 
they m.y appear among the passengers of an air transport after their 
arrival in this country from a port where these diseases are prevalent. 
Insects, he states, may be carried not only in the interior, but also in 
depressions of the exterior of the plane. Recently, special disinsectization 
procedures have been applied to the retractable landing gear of planes, as 
it was discovered that on retraction within the fuselage an excellent means 
of hiding was provided for a variety of insects. Recently Anopheles alhi- 
manvs was captured near a Florida airport. As this mosquito is not a 
native of North America, its means of ingress seems obvious. Several 
procedures, depending upon the type of disease concerned, are applicable 
to the control of air-borne transfer of disease; (a) vaccination of personnel 
and of passengers if indicated ; (b) inspection of passengers prior and sub- 
sequent to flight; (c) issuance of travel certificates, listing the date and 
place of departure; (d) spraying of the interior of planes I hour prior to 
landing and complete internal and external disinsectization upon arrival; 
(e) inspection of baggage; (/) delousing of clothing and personnel from 
typhus infested ports. 

4. The disease may find ncio hosts in the nexo area. Examples of diseases 
which can adapt themselves to a variety of animal hosts are plague, tula- 
remia and brucellosis. Equine encephalomyelitis’* has been demonstrated 
in a vast variety of animals, such as horses, mules, domestic fowl, pigeons, 
ringed neck pheasants and a variety of other wild birds. 

5. The disease may find a nexo insect vector in the area invaded. The 
transmission of yellow fever in different areas is an illustration of the 
adaptability of various insects to the spread of this disease. Nine species 
of Aedes mosquitoes and some of the members of the genera Eretmopodites, 
Culex, Maxisoxxia and Anopheles have been shown to transmit the virus of 
yellow fever in West Africa. 

6. Next) or differexxt .strains of the disease may be hxtrodxxccd into axi area 
xoherc less virxilcxxt strains xverc formerly prevalent. This is illustrated by 
the introduction of malignant malaria {Plasxxxodinnifalciparxxm) into areas 
where benign malaria {Plasxnodium vivax) was formerly prevalent. As 
little or no cross-immunity exists between these 2 types of malaria, the 
more virulent type will cause a widespread outijreak Avith many resultant 
deaths. Similarly, there is the possibility pf the importation of the Shiga 
variety of bacillary dysentery into the United States. 

Naturally, here in the United States, health authorities are not so rnuch 
concerned with the possibilities of tropical disease among the civilian 
populations of Europe, Asia and Africa as in the possibility of their impor- 
tation into the States. On this point, one can feel rather reassured; it is 
extremely unlikely that any tropical diseases, not already prevalent, Avill 
become indigenous in this country. In fact, the northern states are 
relatively safe from most of the tropical infections, and even if latent 
infections and carriers return to local communities there will be only rare 
cases, if any, of these exotic infections. The problem in the southern 
states is, however, more serious. 

Some of these so-called tropical diseases are endemic now in this country^’ 
and, although additional carriers’'* may bring their infections into local 
communities, few additional cases will result as long as proper sanitation 
and personal hygiene are maintained. This fact is especially applicable to 
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the enteric diseases^ such as typhoid, paratyphoid, ^ 

So long as excreta are properly disposed of and so ^ng s 
carriers of these organisms Avash their hands thoroughly after going to the 


dysentery. 

■Racillarv dysentery®’ is perhaps one of the most important muitarj 
diseases of the war. Fortunately, treatment with sulfaguanidme not only 
shortens the clinical course of the disease, but reduces the leng i o ^ le 
carrier stage which usually follows. Nevertheless, asymptomatic earners 
and latent infections will occur among returning troops, 
be an increase in the types of Shigella already prevalent; and in addition 
other types may be introduced. Similarly, Salmonella outbreaks maj 
result. Great care must be exercised in preventing''^ outbreaks due to food 
handlers who are carriers of Shigella or Salmonella organises. 

Typhus fever, relapsing fever and other louse-borne diseases are 
another.group of tropical infections which are not likely to find a ioothold 
in most of the country. There was a time rvhen some of the imnn^'ants 
did not regard themselves as virile unless they were lousy inferteci xvitn 
lice. At present, however, body lice are a rare finding in New England, 
but are still not uncommon among negro and other racial groups, especially 
in the South and southwestern states. With adequate use of hot water 
and soap — the American traditional Saturday night bath — the public can 
remain free of lice and thereby prevent the spread of louse-borne diseases. 
If the rat population were immensely increased by enemy destruction of 
cities, and if municipal sanitation standards were broken dorvn, then 
there might be danger of an outbreak if lice and the infecting organisms 
were introduced. Under a similar breakdown of sanitation, outbreaks of 
cholera would be possible. However, since there are good reasons to 
believe that enemy massive destruction is unlikely, and since the possi- 
bility of introducing these infective agents is remote, there need not be 
concern about such diseases as typhus fever, relapsing fever, bubonic 
plague and cholera. 

Dengue and yellow fever^® are 2 other diseases which are unlikely to be 
prevalent, except in the southern states, as the mosquito vector is limited 
almost entirely to the area south of the Mason and Dixon line, and the 
infecting organism must be imported. The Aedes ssgypii mosquito, the 
vector of these infections, cannot survive northern winters; under most 
unusual conditions, therefore, it is possible, although highly improbable, 
that these 2 diseases may gain temporary access even in northern com- 
munities. Such outbreaks would naturally disappear spontaneously with 
the onset of cold weather, and would not reappear again unless reintro- 
duced. Dengue, of course, is endemic in the South, and it is possible that 
the disuse may temporarily become more widespread. However, the 
United States Public Health Sendee^s undertaken control programs in 
lexas Alabama and Plorida against A. ^gypti, and this fact, together 
with the factors already limiting this disease, would continue to prevent 
its extension for any great length of time. 

Perhaps the disease which may cause most civilian concern in the United 
TTnD^ Malaria has been endemic throughout most of tlie 

United State^ as far north as Canada. In New England there have been 

Soind to 2 of which spread up the rivers from Long Island 

20th !r Massachusetts. During the first decade of the 

but forS endemic in some parts of New England, 

K 7 ®ost 20 years only rare cases have been reported In Massa 
chusetts,- during the past 14 years, there have beeronly 11 re^rted 



412 


progress of JIEDICAL SCIENCE 


cases of malaria in persons -who were never out of that state and who ap- 
parently acquired the disease within the state as a result of mosquito bites. 
Fortunately, climatic conditions and land improvements have been unfav- 
orable to the continued e-\-istence of malaria in New England and the 
northern states. In the South, intensified malaria-mosquito control pro- 
pams have been, in the main, responsible for the reduction in malaria 
infections. With the building of each house and the cultivation of each 
new farm, additional mosquito-breeding places are destroyed. 

At present, health authorities are convinced that the concentration of 
Anopheles qitadrimamdatns in the northern states is not sufficient to 
maintain malaria at an epidemic level. However, if carriers of malaria 
return, they may act as foci of small local family or neighborhood out- 
breaks. Adequate treatment of all cases and proper screening of houses 
are, however, excellent control measures. Both the Army'*^ and Navy are 
treating all eases, and any soldier or sailor who is discharged with malaria 
is carefullj' followed up by the state departments of pul)lic health. All 
measures are taken to protect the public. 

In the South'*^ the danger from malaria is, of course, much more serious, 
as the concentration of A. quadriviacnlalns is far greater, the mosquito sea- 
son is longer, and screening of houses is not as adequate. The United 
States Public Health Service has taken cognizance of this fact and through 
its program, “Malaria Control in War Areas,”''® has limited all of its 
mosquito-control work south of the Mason and Dixon line. North from 
here, the “M. C. W. A.” has limited its work to mosquito surveys in 
the immediate environs of military hospitals and institutions where patients 
ill with malaria are likely to be hospitalized. 

A few cases of plague, cholera, leprosy, yaws, leishmaniasis, trypanosomi- 
asis, schistosomiasis, or other helminth infections may occur among troops 
coming into close contact with native populations. Phlebotomus fever 
and filariasis may incapacitate a considerable number for future military 
ser^^ce in the tropics, but it is not likely that the latter will become endemic 
again in this country. These diseases will present problems of diagnosis 
and treatment, but are not likely to gain endemicity or even temporary 
epidemicity in the United States. As Meleney®'' well summarizes: “It 
may be stated with considerable confidence that the chief hazards in the 
importation of exotic diseases are from the introduction of new strains of 
parasites already present, and the introduction of new vectors of disease.” 

Conclusion. Wars have always been accompanied by increases of infec- 
tious diseases. In this global war, zones of military operations are ex- 
tended into areas where tropical diseases are prevalent. American forces 
face not only the hazards of battle but the classical war diseases augmented 
by limitation in the application of control measures against the more exotic 
diseases. Although the Army, Navy and United States Public Health 
Service are taking all steps to protect our military personnel and prevent 
extension of tropical diseases to the civilian population, not all cases will 
be detected before discharge. 

The civilian physician is, therefore, faced with the diagnosis and treat- 
ment of discharged service men who may have contracted tropical disease. 
Simultaneously, health authorities are concerned with the possible impor- 
tation of these diseases. Fortunately, tropical diseases are not likely to 
bring about any major catastrophe in this country. Because of climatic 
and en-vironmental factors, tropical diseases do not find favorable condi- 
tions for epidemic prevalence. The same factors, which in the past have 
been gradually bringing about the diminished endemicity of malaria and 
dengue, will continue to operate and ■will be aided by extension of control 
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measures if these are indicated. Malaria is indubitably the most serious 
problem, and even this disease is not likely to cause extensive outbreaks so 
long as health authorities are prepared to instigate intensive control 
measures. Perhaps the only diseases, which will cause any significant 
increase in incidence, are the enteric infections such as salmonella and 
shigella. The other tropical diseases are not a menace to the public and, 
although sporadic cases and even localized outbreaks may occur, not too 
much concern need be expressed. It is well to remember that military 
and health authorities are cognizant of the dangers and that all possible 
steps are being taken to protect the civilian population against the impor- 
tation of tropical diseases. 
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delphia General Hospital). A variable but often considerable fraction of 
sulfonamide compounds present in plasma fails to filter under pressure 
through cellophane membranes. The most important factor determining 
the proportion so retained, besides the structure of the sulfonamide com- 
pound itself, is the concentration of protein in plasma, especially the albu- 
min. Sulfonamide so bound in a protein-sulfonamide complex appears 
to be in equilibrium with the free sulfonamide and plaShia protein. The 
penetration of sulfonamides into erythrocytes and other cells, and into 
cerebrospinal and other body fluids, including the glomerular filtrate, is 
confined to the ultrafiltrable fraction. The renal clearance of s'ulfathiazole 
in man, when calculations are based upon its concentration in plasma ultra- 
filtrate, is equal to the inulin clearance. Thus sulfathiazole is excreted 
solely by the glomeruli without tubular secretion or reabsorption. Sulfa- 
diazine and sulfapyridine, on the other hand, are reabsorbed to a consider- 
able extent by the tubules. 

The ultrafiltrability of serum sulfamerazine has been studied in a group 
of patients -receiving treatment for pneumonia or meningococcic men- 
ingitis. Strikingly decreased aliility to bind sulfamerazine has been 
observed in some individuals in the presence of e.xceptionally severe or 
fatal illness. 


Tests of Pyrogenicity, Antigenicity, and the Efficacy of Ossein Gelatin 
Preparations* in Repeated Massive Hemorrhage and Infusion. W. M. 
Parkins, L. H. Saxe and H. M. Vars (Harrison Department of Surgical 
Research, Schools of Medicine, University of Pennsylvania). Standard 
pyrogenicity tests of 8 different lots of 4 and 6% gelatin solutions pre- 
pared specifically for infusion purposes were negative. 

Ossein gelatin (Lot P 4-20) has been tested serologically in rabbits and 
for anaphylactic symptoms in rabbits and guinea pigs after sensitizing doses 
of gelatin and beef serum. This gelatin apparently is non-antigenic and 
free from sensitizing impurities. 

Forty-seven dogs, under light nembutal anesthesia, were bled (4 cc. 
per kilogram per minute) to a blood pressure end-point of 20 mm. Hg 
and then immediately infused with a volume of saline, gelatin or pooled 
heparinized dog plasma equal to the bleeding volume. One hour after 
initial hemorrhage in some groups, and 3 hours after infusion in others, 
a 2nd hemorrhage was performed, at the same rate and to the same end- 
point as the initial hemorrhage. 

The average bleeding volume (cc. per kilogram) of the 2nd hemorrhage 
expressed as percentage of initial bleeding volume (5 dogs) was as follows: 

(a) 1 hour after initial hemorrhage— saline, 49; 4% gelatin (P 4-20), 100, 
(P 1-20), 95 and (P 2-20), 100; plasma, 75; 6% gelatin (P 7-20), auto- 
claved 20 minutes, 117, and (P 7-180), autoclaved 180 minutes, 108. 

(b) 3 hours after 1st infusion — gelatin (P 7-20), 84; (P 7-180), 65; saline, 36; 
plasma, 65. 

The more marked hemodilution (hematocrit) and increase in blood 
pressiure, as well as a higher concentration of plasma gelatin after infusion 
of 6 % gelatin autoclaved 20 minutes, as compared with the 4 % and 6 % 
autoclaved 180 minutes, support the following conclusions from bleeding 
volume determinations: (1) 6% solutions appear more effective than 
4% gelatin. (2) Prolonged autoclaving which markedly decreases col- 
loid size, gelatin and viscosity, and increases osmotic pressure, somewhat 

* Gelatin preparations were supplied by Dr. D. Tourtellotte of the Chas. B. Knox 
Gelatine Co., Johnstown, N. Y. 
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reduces the efficacy, as determined at the 1 and 3 hour intervals. (3) All 
these gelatin solutions compared favorably with plasma in these hemo - 
Tkaee experiments where infusion is immeuiate. ^ 

According to the criteria used in experiments now in progress, plasma 
or whole blood appears to be superior to gelatin when a period of severe 
hypotension (30 to 35 mm. Hg) is extended to 1 hour before infusion, at 
■which time factors in addition to blood volume, such as peripheral resis- 
tance, myocardial and metabolic deficiencies may be involved. 


Some Clinical Experience "With Gelatin as a Plasma Substitute. C. 
E. Koop, A. G. Fletcher, Jr., and C. Riegel (Harrison Department of 
Surgical Research, Schools of Medicine, University of Pennsylvania). 
One hundred patients have been given 190 intravenous infusions of an 
especially prepared ossein gelatin totaling 132 liters. The toxicity studies 
on dogs previously reported to this society have been extended to human 
subiects. Observations have been made on the effect of single and 
repeated intravenous gelatin infusions on serum proteins, bromsulplialeiii 
retention, urea clearance, blood coagulation and sedimentation rate. 

There is a reciprocal relation betu’cen the concentration of serum pro- 
teins and gelatin protein in the circulating blood after gelatin infusion. 
The serum protein values are temporarily depressed and rapidly return to 
normal as the gelatin disappears from the blood stream over a period of 
3 to 5 days. Bromsulphalein retention did not occur, and urea clearance 
tests indicated no renal impairment after infusions of 1000 cc, in 90 min- 
utes. Blood coagulability was not altered, but the sedimentation rate 
was increased. Histologic examination of autopsy material revealed minor 
changes similar to those pre^dously reported in dogs. 

^ Clinical studies included observations on blood pressure, pulse, respira- 
tion and temperature. No pyrogenic or antigenic reactions were seen. 
Venous pressure was consistently elevated and cardiac output was in- 
creased. Gelatin ■was used therapeutically in the treatment of acute 
hemorrhagic shock and edematous states and as a general postoperative 
measure in surgical cases. 

The following conclusions were reached; Intravenous gelatin solutions 
are easily and safely administered to human subjects. The material is an 
effective agent in the treatment of at least the early stages of hemorrhagic 
shock. Mter major operative procedures the administration of gelatin pro- 
duces a favorable response similar to that observed with plasma infusions. 
In certain types of edema there is, following the administration of gelatin, 
a diuresis which is accompanied by clinical improvement. Further studies 

hypoproteinemic states ere 
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The Foot By Norman C. Lake, M.D., M.S., D.Sc. (Lond.), F.R.C.S. 

(Eng.)) Senior Surgeon and Lecturer on Surgery, Charing Cross Hospital; 

Surgeon, Bolingbroke Hospit-al; Consulting Surgeon, Emergency Medical 

Ser\dce; Director of Studies, London Foot Hospital; etc. Third Ed. Pp. 

432; l36 figs. Baltimore: The Williams & Wilkins Company, 1943. 

Price, .$5.00. 

This little treatise on the foot is e,\cellent. The author spends much time 
on the evolution of the foot and reviews the disabilities whether they are due 
to congenital causes, infections or injuries. He achieves a well-balanced book 
which can be profitably used by the medical student and general practitioner. 
He handles the matter of the various operations at times necessarj' on the foot 
with well-balanced judmient. This third edition provides an opportunitj’’ 
for the author to include his comments upon foot disabilities from wartime 
causes. P, C. 


Symptoms and Signs in Clinical Medicine. An Introduction to Medical 
Diagnosis. By E. Noble Chamberlain, M.D., M.Sc., F.R.C.P., Lecturer 
in Medicme, University of Liverpool; Physician to Out-patients, Royal 
Liverpool United Hospital, Royal Infirmarj’- Branch; Visiting Physician, 
Smithdonm Road Hospital, Liverpool. Third Ed. Pp. 456; 346 illus. (19 
colored). Baltimore: Williams & Wilkins Company, 1943. Price, 88.00. 
The appearance of the war edition of this book is made possible only by 
the English publisher’s “overcoming insuperable difficulties after repeated 
destruction of their works by bombing.” Nazi bombs failed either to stop 
the printing or the efforts of the authors in ren'sing this book. In the 5 years 
elapsed since the last edition, considerable revision has been required. Among 
the main changes are the additions to the section on endocrine defects, ampli- 
fication of the symptoms and signs of respirators’- disease and extensive re-vision 
of the chapter on the cardiovascular system. Of war interest is Dr. A. R. D. 
Adams’ useful details on tropical parasites. 

The author, however, has retained the rightful importance given to physical 
signs observed by the unaided eye in the diagnosis of disease. Dr. Chamber- 
lain’s attitude in -writing each chapter before consulting standard textbooks and 
monographs is highly commendable, for it represents what a physician can 
carry in his mind. The book, therefore, is valuable to first-year clinical 
students in gi-ving them the information essential in making a physical diag- 
nosis. J • s. 


Pathological Histology. By Robertson F. Ogilvie, M.D., F.R.C.P. 
(Edin.), Lecturer in Pathology and Assistant in Forensic Medicine, Uni- 
versity of Edinburgh; Senior Pathologist, Royal Infimary, Edinburgh; 
Pathologist to the Leith and Deaconess Hospitals, Edinburgh; Examiner 
in Pathology and Forensic Medicine for the Triple Qualification. Second 
Ed. Pp. 411; 235 photomicrographs in color. Baltimore: Williams & 
Wilkins Company, 1943. Price, .$9.00. 

This book retains all of the excellent features of the first edition, has many 
new illustrations, and new matter on pathologic changes in intestinal tract, 
kidneys, bones, and reproductive organs, and much has been re-written and 
amplified. In spite of these additions, the book is slightly smaller and lighter 
in weight than the first edition. 



BOOK REVIEWS AND NOTICES 


417 


All of the 235 photomicrographs are in color, are of superb technique, and 
are well chosen as representative examples of common pathologic conditions. 
This book is intended as a companion to a standard textbook of pathology, 
to aid students in studying their microscopic slides. Although the emphasis 
is on the clear, simple description of histologic changes, there is always a pre- 
ceding brief description of ^oss pathology, etiology and pathogenesis. Un- 
common conditions are not included. 

The only criticism the Reviewer would make would be in the matter of 
terminology; for instance, it seems unwise to use such teims as “glycogen 
degeneration" and “tubular nephritis." But these are minor matters and 
do not detract from the usefulness of this volume in helping the student to see 
the common microscopic changes of disease. !• Z. 


Physiological Psychology'. By Clifford T. Morgan, Associate in Psy- 
chology, The Johns Hopkins University; Formerly Faculty Instructor in 
Psychology, Harvard University. Pp. 623; 176 figs. New York and 
London: McGraw-Hill Book Company, Inc., 1943. Price, S4.00. 

Great advances in a field of science are made when the methods of experi- 
mentation become more simplified, more easily reproducible, and more 
quantitative. As the ex'perimental facts accumulate, however, and new 
concepts are developed, further advances often require correlation of ideas 
with other fields of investigation. 

This book has been written as a presentation of the known experimental 
facts important in the understanding of certain concepts of the physiologic 
mechanism of normal human and animal behavior. Of these, 3 have been 
stressed by the mthov— internal cJivironment, inieraclion, and levels of organiza- 
tion of function. This has been done so Yvell that workers in other fields, 
especially biochemistry, can with little difficulty determine whether certain 
psychologic problems fall Yvithin the realm of their experimental technics and 
understanding. “This book is meant to be both a textbook for under-gradu- 
ates who are preparing for psychology or medicine and a reference book for 
graduate students and workers in psychology, physiology, and medicine.” 
In the Reviewer’s opinion, however, the revolution expected in psychology as 
a result of the impact of biochemistiy, so often heard in psychological circles, 
can certainly spring from this book as its manifesto. 

The difficulties of writing a textbook of this type lie chiefly in the choice 
between an elementary presentation of factual material and a scientific presen- 
tation from the investigator’s point of view who demands an interpretation of 
the facts in light of the limitation of experimental procedures. The author 
has overcome these difficulties by presenting the elementary material of 
psychologjf, physiology and anatomy in the first part of the book, and then 
discussing the more advanced research, "with complete bibliographic references 
(780), in the rest of the book. The bibliography also contains an author 
index whereby the page upon which that reference is made is found with the 
bibliographic reference. This is an extremely useful index procedure. 

J. S. 


Personal and Community Health. By C. E. Turner, A.M., Sc.D., Dr.- 
P.H., Professor of Public Health in the Massachusetts Institute of Tecli- 
Associate Professor of Hygiene in the Tufts College 
Medical and Dental Schools; Sometime Member of the Administrative 
Board in the School of Public Health of Harvard University and the Massa- 
chusetts Institute of Technology. Seventh ed. Pp. 585; many figs., 4 col- 
ored plates. St. Louis: C. V. Mosby Company, 1943. Price, S3.50. 

The author presents another edition of an outstanding text for health 
instruction of college and university levels. It incorporates recent advances 
m the fields of public health and medical sciences with the basic fundamentals 
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of eacli, ivitliout burdening tl)e student witli unnecessary details. The book 
has been developed over a jjcriod of inanj’^ years of ])crsonal e.xpcrience in 
health instruction to students of various age levels and from suggestions 
offered by co-workers and colleagues in the field of public health and hygiene. 
A book of this type could certainly lie utilized advantageouslj" in college 
courses in personal and community health and as a te.vt in an introductorj" 
course in the biologic sciences. p. p. 


NEW BOOKS 

The Medical Clinics of North America. Chicago Number. S 3 'mposium on 
Cardiova.scularDisea.ses. Pp. 28!); 37 fig.s.; 7 tables. Philadelphia; W. B. 
Saunders Company. Price, .$16.00 ])er j^ear. 

The Sexual Glands of the Male. Bj' Oswald SinNNEV Lowslbv, A.B., M.D., 
F.A.C.S., Collaborators: Fuank Hinman, A.B., M.D., F.A.C.S., Donald 
R. Smith, A.B., M.D., and Robert GuTiEniiEz, A.B., M.D., F.A.C.S. 
Reprinted from O.xford Loose-Leaf UrologjL Pp. 619; 4 tables; 59 figs. 
New York: O.vford Universit}’' Press. Price, SIO.OO. 

On the Influence of Trades, Professions, and Occupations in the United Slates, 
in the Production of Disca.se. (Reprinted from Transactions of the Medical 
Societj' of the State of New York, Vol. Ill, 1837, pp. 91-150.) Bj' Benja- 
min W. McCready, M.D. Introductorj' Essaj' by Genevieve Miller, 
M.A. (Publications of the Institute of the Historj’^ of Medicine, The Johns 
Hopkins UniversitjL Fourth Series; Bibliotheca IMedica Americana, 
Vol. 4.) Pp. 127. Baltimore; The Johns Hopkins Press. Price, $1.75. 

Pathology and Therapy of Rheumatic Fever. Bj’’ Leopold Lichtwitz, !M.D., 
Lately, Chief of the Medical Division of the Montefiore Hospital, and 
Clinical Professor of Medicine, Columbia University, New York City. 
Foreword bj' Williasi J. Maloney, M.D.,' LL.D., F.R.S. (Edin.), Con- 
sulting Neurologist to the City Hospital; Fonnerty Professor of Nervous and 
Mental Diseases, Fordham University, New York City. Edited bj’- Major 
William Chester, M.C. Pp. 211 ; 69 figs. New York: Grime & Stratton, 
Inc., 1944. Price, .$4.75. 

The Health of Children in Occupied Europe. Published by the International 
Labour Office. Pp. 37; 2 tables. Montreal, Canada, 1943. Price, 25c (one 
shilling). 

A small pamphlet studying “The effects of the war on the health of the children 
(in occupied Europe). . . . Because of the difTiculty of collecting precise and 

reliable information ... the data quoted are fragmentary and serve only to 
illustrate the state of affairs.” — Introduction. 

Office Treatment of the Nose, Throat and Ear. Bj’’ A. R. Hollender, M.Sc., 
M.D., F.A.C.S., Associate Vrofessor of LarjmgoJog}^ Rhinologj^ and Otolog 3 ’-, 
University of Illinois College of Medicine; Otolarjmgologist, Research and 
Educational Hospitals, Chicago, 111. Pp. 480; 33 figs. Chicago: The 
Year Book Publishers, Inc., 1943. Price, .$5.00. 

Physical Biochemistry. By Henry B. Bull, Ph.D., Associate Professor of 
Physiological Chemistry, Medical School of Northwestern University. 
Pp. 347; 93 figs.; 44 tables. London: Chapman & Hall, Ltd.; New York; 
John "Wiley & Sons, Inc., 1943. Price, $3.75. 

The Permeability of Natural Membranes. By Hugh Davson, D.Sc., Associate 
Professor of Physiology at Dalhousie University, Canada; formerly Demon- 
strator in Biophj’’sics and Beit Memorial Fellow, tfniversity College, London; 
and James Frederic Danielli, D.Sc., A.I.C., Beit Memorial Research 
Fellow and Fellow of St. John’s College, Cambridge, England. Foreword 
by E. Newton Harvey, Professor of Physiology in Princeton University. 
Pp. 361; 73 figs.; 72 tables. Cambridge: At the University Press; New 
York: The Macmillan Company, 1943. Price, $4.75. 
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A CaldloQue of the Medieval and Renaissance Manmcr^tsand Incunabula in 
^ the Boston Medical Library. Compiled by James F. Ballard, Director, 
Boston Medical Library. Pp. 246; 23 figs. Boston. Privately pnnted. 
Human Constitution in Clinical Medicine. By Geome Draper, M.D., Asso- 
ciate Prolessor of Clinical Medicine, College of Physicians aiM Surgeons, 
Columbia University, and Associate Attending Phy^cian, Presbyterian 
Hospital, New York City; C. W. Dupertuis, Ph D., Physical ARthropol- 
ogist. Constitution Clinic, Presbyterian Hospital, New York City; and 
J L. Caughey, Jr., M.D., Med.Sci.D., Associate m Medicine, College of 
Hiysicians and Surgeons, Columbia University; Assistant Physician, 1 resby- 
terian Hospital, New York City. Pp. 273; 29 figs.; 30 tables. New^ork 
and London; Paul B. Hoeber, Inc. Price, S4.00. 

Health and Hygiene. A Comprehensive Study of Disease Prevention and 
Health Promotion. By Lloyd Ackerman, Western Reserve UnivCTsity. 
Pp. 895; 59 figs.; 27 tables. Lancaster, Pa.: The Jaques Cattell Press, 
1943. Price, S5.00. 

The British Encyclopaedia of Medical Practice including Medicine, Surgeiy, 
Obstetrics, Gynecologj', and Other Special Subjects. Alcdical Progress, 
1943 (Pp. 382); Cumulative Supplement, 1943 (Pp. 342; 5 figs.). Under 
the General Editorship of Sir Humphry Rolleston, Bt., G.C.V.O., 
K.C.B., M.D., D.Sc., D.C.L., LL.D., Emeritus Regius Professor of Physic, 
Cambridge; Sometime President of the Royal College of Physicians of 
London. London, Eng., and Toronto, Can.: Butterworth & Co. (Pub- 
lishers), Ltd., 1943. 

Soviet Health Care in Peace and Far. By Rose Maurer. The American 
Russian Institute for Cultural Relations With the So\uet Union, Inc. Pp. 
48 ; a few illus. New York; American Russian Institute. Price, 10c. 

An informative pamphlet on the remarkable medical achievements of Soviet Russia 
in. recent years, written to illustrat the application of the principle that health is a 
community affair. — E. K. 


NEW EDITIONS 

An Outline of Oencral Physiology. By L. V. Heilbrunn, Professor of Zoology 
in the University of Pennsylvania. Second ed. Pp. 478; 135 illus. Phila- 
delphia and London; W, B. Saunders Company, 1943. Price, 86.00. 

Urology for Nurses. By Oswald Swinnby Lowsley, M.D., F.A.C.S,, Direc- 
tor of the Department of Urology (James Buchanan Brady Foundation) of 
the New York Hospital; and Thomas Joseph Kirwin, kl.D., F.A.C.S., 
Attending Urologist of the Department of Urologt' (James Buchanan Brady 
Foundation) of the New York Hospital. . New Printing. Pp. 493; 108 illus. 
Philadelphia: J. B. Lippincott Company, 1943. Price, S3.00. 

Chemistry of Organic Medicinal Products. By Glen L. Jenkins, Dean and 
Professor of Pharmaceutical Chemistry, School of Pharmacy, Purdue Uni- 
versity; and Walter H. Hartung, Professor of Pharmaceutical Chemistry, 
School of Pharmacy, The University of Maryland. Second ed. Pp 675- 
71 tables; many small figs. New York: John Wiley & Sons, Inc., 1943’ 
Price, 86.50. 

Medicine. By G. E. Beaumont, M.A., D.M. (Oxon.), 
F.R C.R, D.P.H. (Lond.), Phj^ician to the Middlesex Hospital; Physician 
to the Hospital for Consumption and Diseases of the Chest, Brompton; 
^cturer in Medicine, Middlesex Hospital Medical School; Formerly Censor 
Royal College of Physicians, London; and E. C. Donns M.V.O. D So 

T'-Tl'-S-, Courtauld Professor 
of Biochemistpr m tlm Umven^ty of London; Director of Courtauld Institute 

Hospital; Pathologist to the Royal National 
Orthopedic Hospital. Eleventh ed. Pp. 412: 43 fies.- manv tahle-s 
Philadelphia; The Blakiston Company, 1943. Price, S5.50. 
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9J3AS. 'BuiSB[d puB TOiuag 'ijsag mpioiaad p ijunouiB :jsb 9^ 9q:j SmmBpoo 
g 9 jn?po SmjBd9Jd j?q nqfjoiugd jo gidraBS graBS gq:^ jo snoi(^BJ!ju9onoo stiouba 
3m^sg!^ joj ’pgsn gq ppoo spdid pgzipjBpuBp puB sgqn^^ Snpcira graBS gqj, 
•uqijomgd p pBgpui gpuopo nintpos "p noi^nps %8’0 JO aranpA jfq q(}n9; b 
pgAjggga s9an!qno paiuoQ -itpAipgdsgj pBi!}xg ratijgs puB BuisB^d jo ’oo 6'0 
pgppB gjgAV niproragd jo Tioi^nps p snoi^jjod ’oo x’q ‘qBras sbav sgan^jfno p dnojS 
qoB 9 joj XiBssgggu lunipara p ;nnomB gqij aomg 'gjnijjno qoBa ^noqSnojq:} 
mqroragd p TiotijBipgouoo uuoqnti b gjnsm o:} agpio m gpBui gj9Av sgin^po 


•saqrn ojtja^s ut Sciqsaj sdp uAioqs 
OJB AiaAi^oadsai xiiqiaiuad jo suopiqos puB lOBj'jxa raiuas ‘■GtnsB[d Snijnscani aoj pasn 
A'jioBdBD -aa Z'O }0 ?adid auo puB A'jiaBdBa -aa | jo s^adid oaix 'saJiutina jo uopBiBdaid 
oq^ JOJ aqn| q;)jg aq^ ui paxitn uaaq pBq qaiqAv uiqiaiuad puB laaoaouinand SuiuiB^noa 
■^aBJixa mnJas jo saiiqxitn papjBastp aAiaaaj pasn si aqn? q^jnoj aq^ iaqrq pJiq? aq'^ bi 
paiBdajd uiqiaiuad puB BinsBjd jo sain:)xiaz papjBosip aAiaaaj o; pasn st aqn^ pnoaas aq^ 
Isapqs BSBiS ajBnbs jaiABaq o; sdqsJaAoa pnnoj -01111 qanj^B cq pasn tiot^n]os anqBS 
suiB^uoa ‘^qSrj cq (fjaj mojj ‘aqn? ijsjg aq^ rsasodJnd SuiAiogoj aqj jqj pasn ojb qaBJ aqq 
Bi oS?- ja a^SuB BB qB pjaq saqnx -sdijaiaAoa pBnoi -mni gg agjajs sBiB^Boa qstp u^aj 
jaq;o aqx 'apgs punoiS Aiogoq b qqAi pafBos aq <q sf ?r ajojgq ?snf qsip i-iiaj v bi ajnqno 
loja BBiSBid B EAioqs AiaiA siqx 'pooq ajnqna aqi ui -(Batadinba jo qBainaSBBiaB aq; 
sAioqs qdBiScqoqd aqx -BgiptBad jo Abssb aq; joj sajn;ina jo Boi;BJBdaJX — -y -orx 



gq:) 9uii^ gq? :)b pBJ^xg OiCiquig qoiqg-uiiugs puu Btusupl qpq o} pgppB gj9A\. 
pgpg:) gq 0 :) uiqioiugd jo tioprqip qoBg jo suoipioj 'saunjjnj pjQ musvjj 
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nopoBJj gq; iCq gginos gq; ;b p9uiuu9;gp sb ginduiB jgd s;iun pjopo jo jgqumu 
gq; 3upCidi;inra Xq ;'b pgAUjB sbav ;onpojd gq; jo gn|BA gq; jo uoi;buii;s 9 {Bnq 
gq; puB ‘ggjnos gq; ;b pguiiiug;gp sb jCong;od gq; jo suug; ui pgssgjdxg gjgAv 
s;s^ IBnpiAipoi gq; p sqnsgj gqj, -(g gpBj^) -Stu jgd s;iun p’jojxQ jo pB 9 ;sut 
gindmB jgd s;]un pjojxQ P suug; ui pgssgjdxg gjgAV s;sg; jo s;jnsgj gq; ‘uAvouq 
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'Zl L ^ P"°TO 9q^ -^q 9 oA6s 9in 

^ reSB paqsa; sbai lBu^:^Bt^ sip q sojnos uioij saidimjs z lo ssbd am ut 
aojnos ano raoaj paure^qo aja^si jaaipoBjnuura aq; .fq paoiiBio q^in uuq; 
poq;aia ^jnasajd aqq ^q ^oua;od J^q^’^Jg v SmiVioqs saidiuBs nv -luajS 
^aaA sarapauios sba poq:jam siip yfq pauimwjap anjCA aqq puu ssanos 
9q^ qonpoid t? jo Avss^ jo sqjnsai aqj xiaa.Ajaq aaiia-iajjip aqj, 

aSuBa 'B uiqjiAi sbai aDTitjjsui siqj ui uoijBiaBA aq; ‘aaAa^oq fpa'aiBmo 
aaaAi sjjnsaa pauBA ‘gg ajdaiBs jo asBO aqj ui sb ‘pasn suopBajuaa 
-uoa uaaAijaq saouaaajjip aapBtns aaaiU. aaaq:; ■sjsa:> aaqatja ui sb 

psn aaoAV Snap aqj jo saoijBajuaauoa paoBds .?ppTAi, uaqAV .qaBinopaBd 
JO oidraBS auiBS aqj q:jiM, s/CBp juaaajjtp uo pauiBjqo iCjjBnsn 
aaaAi. sjjnsaa aBitnitg -g puB j sajqBjL aBaddB saaanos :juaaaj}ip 
raoaj uiqiaiuad jo suoijBaBdaad qjJAv sjsaj jBnpiAipui jo s:jpisaa aqj;_ 

•Sra aad s;ran paojxQ ggi jo ^ouajod 
JO Xbssb |BuiStao aqq qjiAv %g uiqqiAv jo juaiiiaaa§B ub paAvoqs jjnsaa 
^iqX 'Soi aad sjiun paojxQ sba poqjara siqj .(?q pauiraaajap sb 
^ouajod aqj snqj fqj.iioa 3 jBiaajoBq jo uopiqiqui {b:}oj pasnBO -oo aad 
•Sri 0g-Q ‘uiqioiuad jo jjbs mnpjBO b ‘paBpuBjs’puoaas b q:^IAv auop s:^s^J 
uj ‘uopiqiipii jBjoj asriBO oj jCaBssaoaxi ajduiBS qaBa jo sraBaSoaoiui 
JO aaqtnnu aqj ^q pg SaipiAip i{q pauitnaajap sbav suoijBaBdaad aaqjo 
oqj JO qoBa JO jtouajod aqj anjBA siqj Suisjj pop aanjjno anssp pug 
aqj UI -00 aad sjiun paojxQ pgQ'O -^jq'Buinsaad sba\ qjAvoaS piaapBq 
juaAaad oj ./CaBssaoau uigpiuad jo juuouib aqj ‘Sra aad sjiu’n paoj 
-XQ SZ paBpuBjs siqj jo kouajod aqj aouig -oa aad -Sri gg-’g ^{q ;ou 
jnq uigpiuad jo jps ranipos paupuBjs aqj jo -oa aad ’grfg .A!q pajuoAaad 
SBAi. tusiuBSao jsaj aqj jo qjAvoaS aqj jBqj punoj sbai jj "s^psaa 

•j^Bp auiBS aq? uo papa:) aaaAi suopuaBdaad quaaajgfip 
paaAag 'aiduiBS aqj jo jtjppoB jo aSuua aq:) autraaapp o) aapao m psaj :)uanbas 
-qns m uuq') :)aBdB AjapiAi aaoui paauds uigioiuad jo saoipa:)uaauoo qqAv auop 
iCgunsn SBAi aouB:)sat qoua ui ^sa:) lupiui’ a'q j, pxuiaad ppoAi apuiBS aq? jo 
azts aqj ji uoijBaudaad qoua aoj satni:) paaAas pamuuapp sbav :)uiod'pna siqx 
•saan:)jno f jp m satuopo puapuq jo aDUBauaddB aq:) :)uaAaad jippjduioo 
ppaoAi :)'Bq:) uigiaiuad jo uopBa:)uaauoa paAvoj aq^ sb XpaBiqqaB uasoqo sbav 
:) uiod-pua uy' •utqioiuad SnimB:)uoD :)on saan^pa papoo ui pasaad saiuopo 
jo.’aaqumu aSBaaAB aq^ jo apBui sbav apuipsa uy 'XL P uoipogiuSBUi b p 
adoosoaaiui uoipassip b jo piB aqj qjiAV pauraiaajap sbav aanjjno qoBa ui saiuopo 
jBiaajOBq' jo aa'qumu aqj auiij jBqj jy 'uoijBqnoui jo sanoq gg ApjBuipiojddB 
aajjB apBui aaaAv suoijBAaasqo puij[ g'aojBqnoui jjBap-uAVop pajonajsuoa 
AgBiaads b ut 'Q ^28 'pa^''3qnoni aaak puB muppajad puB ugjBaBd jo aanjxnu 
B qjiAv pajBas aaaAV saanjjno juaraijadxa aqj jo uoisnpuoo aqj jy '(x 'Si^) 
innjBpaxad qjiAV pauraua apqs punoaS Avogoq ‘apaajs b qjiAV paaaAoo sbav 
aaujjtio qoBg 'uoijipuoo pjuauuaadxa qoBa aoj paaBdaad aaaAV saauxpo auOjj 
•paxxTU uaAV puB dqs'aaAOO aqj uo BinsBjd jo doap aqj oj pappB aaaAV uigioiuad 
puB TustuBSao jsaj’ aqj Sutuibjuoo jOBa^xa uinaas jo sdoap aaaqx 'auAV aqaajs 
B 10 suBaui Xq painqiajsip itxuaAa puB dipaaAOo aqj uo paoBjd sbav utgioiuad 
SuiutBiuoo BuiSBid JO ('bo 50'0 A 9 J'®™xoaddB) doap x jadid pazipiBpuBjs 
B uitM ‘apiTS ssBiS aaiABaq b oj uopujos auijBS jo doap guius b Aq paqoBjjB 
diTsaaAOO punoa •uuu ZZ ^o pajuBid sbav aauxjno aqj qoiqAv ui uoijBaBdaad jo 
adiCa AVOTUixBXAi pauipora b sbav aanjina aqj SutqBUi ui pasn uoijBJBdaad aqj, 
•uiTTTOTuad p aunoxuB aajBaaS b Suuubxuoo paaBdaad sbav uimpaui aaojaq puB apBur 
uaaq pBq saanjtno jo duoaS auo aajjB saqnj Supqui aqj uioaj AgnjaaBo paAOuiaa 

pgp jsrmioiiiad oHizicraraMViS aoj aoHiaw itivjniw. 
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•uoi:^'BjTjd9JcI JO 0 niij atjj ^ji? Xouajod paj-Btajjsa axjj raojj ju9J9jjip 
XjjxreoijiuSis 9q ^onpoid i? jo XDU9jod j'enjo'B 9qj j.T?q:j 9j'B0ipui 
9J9qAV9s’p 9Uop SJS9J ST? ]|9Av ST? p9u;T?jqo sjpisgy; •poqjgui siqj ^q p9zi 
-pjT?piii?js u99q 9Ai?q S9ojnos :jU9J9jjip raojj uii{ioiU9d jo suoij'BaT?d9jj 

•jj'Bms SI p9uiT?jqo sjins9J 9q:j 

JO UOIJ'BIJTIA 9qj JT?qj 9J'BDlpUl UI|J!0IU9d JO 9jdlUT?S 9nn?S 9qj qjIAV SJS9J 
p9jT?9’d9'^ -SJSOJ JO joqranii pojiuiq t? ui poqjora pJojxQ 9qj jo :jt’qj qjiAV 
jC^q-BJOATij oiBdraoo oj sjTigddt? poqjora oqj jo iCoTijnooT? 9qx •nT?uis si 

j?OU0Jod JO U0IJT?UIlIIJ9J9p T? JOJ p9p99ll UlJIJDIUOd JO JUnOUIT? 91JX 'JSOJ 
9qj JO 90UT3raJ0jJ9d oqj ui uq]ioiu9d jo ixoijTTJTidojd pjT?puT?j.s t? 9sn oj. 
i^jT?ss909u jou SI JI jTiqj SI poqj9ui siqj jo gSnjuTiApi? pdiouud 9qjL 

•uinipoin ojnj 

-[no 9 nssij pi[osmi 0 s ui looooomnoud jo i|jato.iS oqj jii9A9jd o:j j?jtiss909ii 
I ii[[i 9 ;ii 9 d JO Vi'ioiuT? o’lj; jo opiiui s[ uoijT?uiui.i9j9p T? qoiqAV ui uijjioiiiod 
JO noqT?zip.nipuTijs gqj .loj poquosop uooq snq poqjoui y •ilj'Bniratig 

•9IIIIJ JU9S9Jd 91{J. 

Jll 9[qi?[IT?AT? Sp0lJJ9in ^q pOO[q OIJJ III Uipioiliod JO 9DU9S9jd 9qj J99J9p 
OJ 9jqT3 9q oj UTiqj Suiaioooj si ju9iujt?9.ij .igpiin uosjod oqj iiij[ioiU9d 
ipnui Avoi[ AVOu>[ OJ juT?j.ioduii 9JOUI ijonui si jj j'spoijjgui iioijnjip 
qjojq jCq poojq oqj ui p9jo9j9p 9q jouuno ui|[ioiii9d jt?i[j joi?j oqj jo 9jids 
UI p9UiT?jqo 9q ;?T?ra sj[ns9.i pooS uoijiijjsiuiiupT? snou9AT?jjui snonuij 
-uoo jsouiju iCq U9AiS ojt? ui[[ioiu9d JO sjunoiut! ojunbopn iioqAV juqj 
punoj U99q ST?q jj -sjinso.: oijn9dT?J9qj pooS uiTijqo oj jgpjo ui poo|q 
gqj UI ui[|ioiu9d jo uoijujjuoouoo gqj Axouq oj ;Cjt?ss909U jou si ji :C[9JT3U 
-njjoj -sjinsgi oqj jo Xon-mooT? 9qj S9SB9.i09p soanjjno ui uinj9S ireiunq 
jo 90U9S9j:d 9qj si? ‘jii9uiji39Jj Suianp poojq s^jii9ijT?d v. ui uijjioiugd 
JO jtinoiui? 9qj 3uiutui.i9j9p joj pgpuguunoooj jou si poqjoui siqj^ 

•9nbiuqo9j siqj A'q |)9JT?diuoo put? pgipnjs 
9q osjT? jCtiui uijjioiiigd umjj 0|qisnjjip ssoj sjiioSi? jT?i.i9jOT?qijuy -sjsoj 
JO joquinu i? jo 99in?ui.iojj9d 9qj joj juoioqjns oji? uijjioiiiod jo sjunoun? 
jjnuis Xj9AijTq9Ji -qjATOjS jnuojoiKi jo iioijiqiqui jo goaSaj) omus 
gqj pgsnuo jf[jt?[n39j souijj juojojjip jt: jiojsoj uijjioiuod jo uoijiijjuoo 
-uoo 0 UITIS oqj, -siunipoui oiSojoiaojouq jiinsn oqj uiujj uuojiun ojoui oij 
OJ JT?9ddT3 uoiqsuj jujiuiis 1? Ill poaiidoad siunijToiu oanjjno on'ssij^ -siioij 
-ipuoo osoqj jopun pgjTiAijjno uoifAX ifjianjnSgj ojqnqaTiiuoj iJjiat avojS 
10000 OAijisod-iuuJQ UIUJJ90 jTiqj u0Tsn|0U0D 9qj UI p9jjns9.i snq poijgd v 
.I0AO SJS0J jTipioiJojonq ui uoijujudoad aanjjno onssij gqj jo 9sn 9qj qjiAv 
9OU9U0dxg[ -sjuoSt? jiiuojoTiqijui? jgqjo uo soipnjs 9AijT?jijuT?nb joj 
OSJT? jnq uijjioiu9d jo .Ctisst? gqj joj Xjuo jou soSinuTiApi? anbiun uit?jj90 
J9JJ0 soop poqj9ur gqj, •0[qTi[iT?AT? iCpcgjji? jou 9jt? soijijiouj oinjjno 
onssij 9j0qAv oiuoojoao gq oj soijjnoijjip gqj gziuiiuiui oj 9pT?ui 9q jjiav 
jdni9jjT? ou puT? ‘jT?J9U93 UI 9nbiuqo9j 9jnjjno giisstj oj uouiuioo 9Soqj 
9JT? 9J9q pgqiJosop poqjora 9qj jo s93t?jui?apt?siio gqj, -juauiuioo 

•9jT?oipui pjnoAT 9ojnos gqj jt? 9jT?unjs9 gqj sr? ju9jod 
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araog •epyuiB^Bj^ns paApoai oqAV joj sq^uora g-g pnx? dnoaS loaiiioo 
aq:). m s^nat^'Bd loj nostjas qaaa sq^uora g'c paSaiaATJ noi^j'BAjasqo jo pouad 
’aunp^ JO o:} jaqmaAo^ jo jaqo:foo tnojj papua^xa nostjas aqV 
TOsaq i?pn:)S aq^j. oaqAV. ^).naosamb sb papjaSai stjas. ssaaojd onBumaqj 
aq'; aauB^stn jCjaAa nj •s|OJ'jnoo sa pa^aa oraqo i^apsaupaj^^ aq^ tii asoq') pua 
apnnapuaqns paAiaoai soraqo jtBpjn^Bg jo kapuoj^ aq'} m s:>uaqBd qons ny 
•^pms aq;^ tit papnptn aiaAi ‘jtioptq aAi^jpod on sbai ajaq^ qSnoq'^ uaAa ‘asaasip 
^jBaq oi!}BTOnaqi paijqtiopmi qijm asoqi pna aajoqa jo joaoj oi^^Bomaqj aijniqap 
JO AJOjsiq B qjTAi. TiaipjiqQ "siBaiC jo sqjnora joj oiuqo aiixBS aqj paqstA paq 
jtaqj saauBjsm jsora m pua ‘jCapjnjag jo Xapsaupaj^^ ‘jtBpuoj,\[ no ppq oiuqo a oj 
uoijBjoj ni panSissB tiaaq iCjsnoiAajd paq sjnaija^ 'ajqissod sa jaj sa xioijoajas 
uiopuai ajnsui oj pauSisap sbav jojjnoo jo poqjaui aqj, '(gb-ST’GI P^tJ Sf— TP6T) 
suosaas o\\.% Snunp jajidsojj s,TiajppqQ aaqnaMpjy jo oiuijq oaipaaQ aqj 
JO sjTiaijad-jno Snoraa tiaqajaapun sbav sixaj^qdojd jo raaiSoid y ‘poqjajq 

qiajap ut passnosip aq puv ^Caqj, pua 
‘aj9A9S qou 9J9AV suoiqajsajmaui oixoj^ -ajap pajajntunooa aqj oj. uop 
-ippa ua SB qnq ‘9uo|a qou ‘pasiajdda aq pjnoqs ‘sjoja3ijs9Aui Jaqjo jo 
suoiqaAjasqo aqq sraiijiioa qoiqAv ‘qiodai quasajd aqj, ■suoiSai quajaptp 
^uaui inojj sjinsai japisuoD oj ‘ajopjoqq ‘quajjodrai si qi pua ‘paqa 
-iqaAa aq qsruu saouaiagip oiqdaiSoag ‘paqioqsip aq jCara oiuip aao 
Aiiv JO aouaijadxa aqq 'jaAaj oiqainnaijj jo sauaSaA aqq jo asnaoag 

•sqjnsaj 

ajqajoAaj Ajjaprais paqjodai aAaq jUaAVQ pua noqajg ‘uasuajj ‘uaqq 
aomg ’squaijad paqaaiq paipumj jaiaAas Suouia %\ uaqq ssaj sbav 
aqaj aaua.tjnaaa aqq ‘sauas qaqq uj -apiuiaiiuajins jo sasop Xpap qjauis 
JO osn aqq ui soiuip jo aaquinu a jo qaoAV aqq pazuararans ^saraoqjp 
‘Zf&l ‘^sngny uj MaAaj oiqaranaq.i jo saauajjnoaj qsiiiaSa quaga Diqoaj 
-A’qdojd a sa anjaA jo si apiraajiuajins qaijq qsaggns sq.ioda.i snoiAang 

(oiiiiiQ oaipaBQ oip uioj^) 
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saot^'B^sajiTOUi s;i m sno3uu:^TiD puB p3ooi ^nuBjapuodsjd 
„snso:^'BUi3q:jj?ja sndnjj^ jo od^?:^ oiSjajp-ojnosBA aqj^ 


ui suot:^'B;sajtUT3ra aAT:^'BqjaoBxa a;noB o; samoD ajojaq ma;s^s JBjnosBA 
aq^ JO asBasip 2uipuBjs-3uo| b si sndnj snoJBUI^^{:^^J^ a^Buimassip :^bui 
^ tAjnqspij; puB aso-jj sb sjaAjasqo qans jo AvaiA aq^. o; aauajajap m ‘sasBa 
• urejjaa ut ,,8jnoB„ uBqj jaqjBj „oiuoiqa„ Suisn ,,‘ad.?:^ aiSjaiTB-omasBA 
oiuojqo JO a^noB „ uoijBuBisap aqj :)sa3Sns pjnoAv ajv xajduioa sndnj snojB 
-uiaqjAja aqj ui suoijBjsajiaBui rajojijjnui pajBUimassip Xjapm jo dtiojS siq:j 
JO^j •paj.sagSns iCySuojjs osjb si ^uaSB jo ssaaojd aq:j jo uoI:^nqIJ:^s^p jbi 
- nosBA puB ajnjBU oigjaqB-uopaajui aqj :)Bqj suoisaj piojnojaq’n? aqq-iiizBg 
puB opaAq aAijBJjjqui aq^ gj.,j,‘anssij snoauBjnaqns puB upjs jo suoqBjqqui 
aqj ‘suoisaj jo sad^j anbBjd puB asopou rajojiqnui aq^. ‘sassaoojd aAisuajxa 
ajoui aqj oj araoa aA\. uaq^^i ‘-^S-iaua oiuqoB jo qjSuaj aABAi aAijoaga 
aqj sjaaoi uaSjaqB Smztjisuasojoqd 2uT^B|nDJia b uaqA\. Suujnaoo ‘j^jnCui 
JBjnosBA ajnoB pazqBaoi ‘sdBqjad ‘juasajdaj suoqaBaj qong 'asuodsaj 
oiSjajjB UB ssajaq:jauou si ji jnq suoisaj pioastp aqj jo ,,pt„ JBjnaqjoj jBooj 
aqj uiojj ssaoojd juajajjip b jCjsnoiAqo si sndrq snojBinaqj/Cja |b:^bj /CjpjdBj 
B ut XjnCui jq2q ajnoB Suquasajdaj aoBj aq:j jo mqs aq:> jo sisojoau jBooj 
uaAa puB ‘uoijBqojxa puB Buiapa ajnoB aq:; ‘uoisaj jo ad^C:}^ piojSBjpd aqj^ 
•sndrq snojBtuaq^^jCja ajBuiuiassrp jo siujoj aqj jo auo sb paziuSoaaj jCjjBa 
auijojpjnm Biuaqjif ja aiuojqa b iqBarSojoqdJom si 'i9iovf suvfsudd sviadisfixd 
Qj,isodB5[ aqx •suoijBjsajiUBUi sndnj snojBuiaqjjCja jo dnoj3 Buiaqjifja 
uijojiqnru aqj. oj saqoBOJddB ajB sndnj sno:^BUiaq:jKja aATjBjnpui jo sadi?:^ 
,,daap„ aqx •auijojijjnru Biuaqji^ja jo sajnSg ajBJ/C2 puB ajBUiojp puB 
‘sanbBjd ajdjnd aqj 'sjBaqAv snojBiuapa aqj qjiAv apis ^q apis sndnj snojB 
-tnaqji?ja jo saSunqa axqdojjB aqj jo sajduiBxa puq qiAV jaAjasqo paouauadxa 
aqj auuojijjnra BUiaqj/Cja jo sadifj aiuojqo aqj uj -sjubijba jBisjaAOJj 
-uoo puB auiajjxa jo paziuSoaaj qaAv ajB ajBjnuuB BiuojnuBjS uaAa puB 
suoijBJjjgui aqq-pioojBS ‘mnuijnip uinjBAaja Braaqj;?ja ‘suBjsjad uinjBjnSq 
BraaqjiCja qaiqAV jo sadA oiuojqo puB ajnoB apnjaut oj papaouoo /CqBjaual 
‘jaAOAVoq ‘ajB SBiuaqjXja uijojxjjnra aqj^ i,j{.’Sjsi§o|OjBiujap oj ajqBjdaaaB 
S/?BAqB jou aajSap b oj SBxuaq:^iCja rajojijjnra aqj jo uoijdaauoD JBDXuip 
spuo puBdxa oj iCjBssaoau si :^i ‘axujojijjnxn BxuaqjiCjo ub sb snsojBxuaqj^ja 


sndnj ajBuixuassip ajnoB jo aAxaouoa o^ japjo uj -xuajs^Cs jBjnasBA aqj, jo 
uoxjBraraBpui oxSjajjB xuojj Suijjnsaj suoxsaj oixuajs^fe puB snoauBjna pajBu 
-ixuassip xujojxjjnxn qjxAV snsoj.Bxuaqji?ja sndnj jo adyCj JBOxuxja aq:(. si ad.^^. 
ajBuxraassip ajnoB aqj os ‘^^qdojjB qjiAv adXj ^jojBuxxuBqux jBjnaijjoj aqj 
JO jCSjajjB-uoxjoajux snoauBjno jbooj jo aAxssajdxa si uoisaj jo ad^tj pioasip 
aqj sy •snsojBxuoqjjSja sndni ux suoxjbjs9Jtub]A[ oxSjajjB-ojnosBA aqi 
•(^gp6T ‘xoj -/b) osBasip aqj jo adiCj SaijBmraassxp ajnoB pajjBa-os aqj jo 
SDijsuajDBJBqa joabjS jbj aqj axunssB puB suoxjBjsajxuBxu oiSjajjB-ojnasBA jo 
pjag’aqj ojui (^jjbuoxsbdoo i:juo qSnoij:^) joao ssBd uoxjBOOAOjd ajqBjms b 
jB ilBxii ssaaojd pjoasip axuojqo oqj saijjapun jBqj uopoBaj jo ad^Cj oxSjajjB 
-ojnaxjjoj JO oxSjajjB-oxujapida aqj — jCbs sn jaj qBnpxAxpux jo ad^j. axSjajjB 
-uoxjaojui aqj— uosjad ajqxjdaasnsjadiCq aijj ui ‘fuv^ j.diiio ai[i tiQ •UAiouq 
jjaAV si asBasip aqj jo ad^j pxoasxp SuxjBuxiuassip aq:^ jo sxsouSojd uSiuaq 
aqj — qoBjjB ^jjBnsn aauBogiuSis aijsouSojd oabjS paau ‘jjasji uiqs aqj 
UI suoxjBjsajxuBiu oxSjajjB ajB qaxqAi. ‘sassaaojd 9qiJ-„pi„ 9saqj jo auou ox 
•a’jBJjsqns oiSjajjB upjs jBjauaS aqj puB jBjnoxjjoj jbdoj aqj SuxiCjxpoxu snqj 
‘(uxxoj jBDOoaojdajjs jo uoxjBjaqij) uoijoajui jo snaoj oxxuajS;Cs pajBaauoa b 
SuiJBp j?q uoijBuiraassip puB uoxjBqjaoBxa sasuBD uoxjdaouoa gS,jaqJBg; qjiAv 
pjoaoB ui qoiqAV ‘apixuBuojjns b jo uoijBJjsiuixupB aqj jCq aq uaAa i?Bxu jj 
•uoijBzijBjauaS puB uoijBqjaoBxa qans uo SuiSuijq ‘aouanqut jaqjouB jo auo 
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DiSja^is UT3 JO aAijsaSSns sclBijaad si ‘sndni snoi^uiuaijjiCja jo sacLCj a:>TiDi3 puB 
aApunimassip aqj jo juatuiuBduioaoB 3uL^aBAun jsoiuju un su Biuadoqnaj jo 
aouajinoao aqj^ •pauoijuaar aAoqn suixo:^ jo sjuaSti aAijoajui uiBjjao o:j 
^jiAijauaj {BjBj iCipidtja uaAa ‘amajjxa aqj pajio aq ^Cboi ajaq:^ ‘JfpBDiuip 
luajqoid aqj jo apis jCSjajjB aqj uq -sjcraiuB ui ‘snijoj s^i jo £ut3 a; snd'nj 
snojBinaqj^ja jo ajnjaid poiuip aq:j jo uopanpojdaj aqj paqsqdiuoaaB suq 
ja^^ SB qjoAv jBjuauiuadxa Ojfq; Q,‘ajopg; "itq pajsaSSns uaaq SBq ^3oppa 
(juaSB oidoosojoiraBJ^in) shjia ajqissod y ^^-uoisbaui jBuajoBq jBujuijaj 
ajB JO o^-„,f'{Bjuappuioa ajB (sunpum -dsjfg ‘snoijfiiomaii puB snoii/ipiiiaij 
-uv ■dfjjg ‘snoDoaoiunaud ‘snamv ‘ydojg ‘sipasf ssuBBip^nD 'g ‘snjjioBq 
apjaqnj) sasBD ibuoisbdoo ui uiBajjs poojq aqj luojj pauiBjqo srasiuBSjo aqj 
jBqj pajdaoDB ssaj Jo ajoui 'jaAOAvoq ‘si jj g-jaqjng puB ipajjBqg 'q; 
oi/lI^X xajdraoo asBostp aqj jo punojSqaBq aqj ui juBjJodrai XjjboiSoj 
-oija ajB (vimaxoi) poj (poooDOjdajjs) puajoBq jBqj AiaiA aqj Supjoddns 
sJoqjtiB aqj Suouiy •jpsjt joj asna jajjaq qonui b apBoi ajoqAi. aqj uo SBq 
uopaajui jBDDOoojdajjg jsnjBuiuiasstp snsojBuiaq:j^ia sndnj ui qons aq 
lou ajaip UBD i^qJW^ ’ajujoid ninsopou Buiaqjjfja ogpads-uou aq:> jo wjof 
papunoj3qoBq-jC[snoinoj3qnj b sf ajaq^ ‘spjOAi jaqjo uj ‘OS jCpjBJ 
sjaqjo UJ ‘snojnojaqnj ua;jo si jt sajjjunoa araos ui ^Bqj asituojdmoa 
aq:j jfq paqijs uaaq jfjjBng suq qoiqAV ‘uinsopou Bmaqjifja oj pjB^aj ui 
‘pajjBDaj aq jjiav jt 'siBa^C aq:; joao pa^sisjad SBq jCsjaAOJjuoa jbjjuiis y 
,-i:jjasojquiy iq pa^BjnqBj si gpQX oj JZSI ajn:jBjajq aqj ui joa’Cqus 
siqj uo BjBp aqjL ‘snsojBuiaqjjCja sndnj jo ajn:jBU snojuajaqnj-uou 
aqj pjBAvoj. SI puajj ^uaaaj ajoni aqj apqAS. 'apis snopiajaqnq aqj uo 
pauSijB ujjs ajB sjoqjm? ^UBjy 'sudni snojBiuaq:jXja qjiAi J{sdojnB oq, 
Sutuioa siBiipiAipui UJ uojjoajuj snojnajaqnq jo aouasajcl aqq uo quaui 
aajSBSjp djBqs si ajaqx 'auijq sjqq qB puq .aq ubo uojsjoap aqnjosqB ou 
‘sqsjxa JO sdojOAap i^SjajjB qojqAV oq uojqaajuj aqq jo ajuquu aqq oq sy 

uojqaajuj paoj b dn Sujjjjqs jo SujqBAjqoB 
/fq g uojqBAjasqo s,jaqjBg uj sb asjOAV sjaqqo aqBui ‘asjaAaj uj ‘jo ‘snaoj 
uojqaajuj ub Sujnpqns .iCq sasna auios dpq oq jBaddB qaiqAv ‘sapjoiBuojjns aqq 
qqjAV saauajjadxa Xq jfjquaaaj qsoui (o) .‘sassa aqBurraassjp ui (pquap ^jjBja 
-adsa) uojqaajuj jo soaoj b dn SujjJjqs jo jaSuup pazjuSoaaj aqq (q) Jujxoq 
-ojnajaqnq oq ‘sadiCq aqBujuiassjp jo XqiAjqoBaj pqBj uaAa ‘auiajqxa aqq (o) Xq 
paqjoddns si xajdiuoa snsoqBuiaqqi^ja sndnj aqq uj A3jajjB uojqaajuj jo aauBq 
-jodtui aqj;, "woa ajqqjj osjb sj ajaqq qSnoqq ‘oud iCjaAissBui qou sj'jC3jajjB 
uojqaajuj joj asBO jbdjujjo aqq quqq passajuoo aq qsnni qj -SujqunoaaB ub 
sajjnbaj avou ,/ojuojqa„ pun ^^aqnoBqns,, ^/aqnoB,, ^/aqBujuiassjp,, puB 
^,pjoasjp„ suojqdBO aqq Suoxub papnjaui suojsaj jo jfBjdjaquj Sujsnjuoa puB 
aqBjBdsip aqq ICqjun ajqjsuaqajduioa b oquj SujpjaiW jo ajqBdua sb ‘jBjnasBA 
puB (jBuijapida jo jBjnojjjoj) snoauBqna ‘uojqaajuj jo jfSjajjB uo sisBqdina 
qang •snsoqBoiaqqZja sndni rasruBqoajAT oiSjenv^ioRosj^I 

•uoiquBO qqiAi apBiu aq qsnui 
‘suojsaj snoqBUiaqq^ja uijojjqjnui jo uojquqajdjaquj pBOjq aqq ui ‘sndnj snoq 
-BuiaqqyCja aujs sndnj snoqBtuaqqiCja aqBUjuiassip jo sjsou3bjp b quqq aAOjjaq 
aAi iCjujBqjoQ -sauo snoauBqna aqq jo uojqju3oaaj-uou jo joj qajBas aqBub 
-apBui oq anp aq iCBUi ‘uountioaun qou si suojsaj ujqs jo aauasqB aqajdcuoa 
B qBijq suBiajuija puB sjoqqnB ujBqjaa jo aauaqsjsui aqq quqq sqsjSojoqBUijap 
SB qaadsns aAv qng 'snqjxa oq ajnqajd aqq aqBujuiop puB qsjg aaiqou oq 
auioa J^Bu^ suojsaj ojSjajjB-ojnasBA ajiuaqsjCs aqj, -qou jo ‘uojqnqjjqsjp puB 
ad/{q pjoasip jo suojsaj pi jBjnaijjoj qqiAi paujquioo aq j^bui qj ‘qqoq jo 
'ajuojqa jo aqnoB aq j^bui qj •(uinipjBaopua puB .iCauprq 'sOjCa aqq jo suojsaj 
JBjnosBA ajqBjqsuouiap qqiAi puB ‘Binadoq.^ooqHiojqq qnoqqiAi JO qqiAS. 
‘aAjqBjaj jo aqnjosqu ‘Biuadoqnaj 'iCqqBdouapBqduiiCj 'jaAOj) airaaqs^Cs .(CjquB 


aoNaios ivoiaaK ao ssaaooad 
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pazipooj jo /Cdu.i9q:). aq:^ o^ui o3 o:^ ajaq papua:^iii :^ou st :^t ;auop 
aq UBD :^’BqAv 'pazraSoaaj aq wao ssaaoid aq:^ aauo uaq^v^^ 'luainj'Bajj, 

^I:^s^^:)DBJT;qD p rjuauidopAap aqq. aioiaq 
sugis ^s^q:^ uo stsonSBip b aqt;ra o:^ ssaugmqiAV ssaidxa uaA9 ot^Jnqsnij 
puB asoy; puB ggsuiaijsuajta’jj aqq puB aauBagiugjs apBjapisuoD p ‘suoipmq 
-moo snoijBA ui ‘ajB asaq^ .‘sajn:}{na poop aAipgau jCf^ua^stsjad q:jtAi sag'is 
IBipjBOopua puB {BipiBDuad 'jBinajd (qx) i'BunuitunqxB xqSqs (0) isuoixdnia 
X'Biqoaxad (g) Isax'BX^oqBS ox spuodsaj .laAaj aqx xou X^^q uiBd aqx qapAi, ut 
suoixBXsajiuBni ppxuqxiB ( 2 ,) fasnBO XBacy xuaiBddB ou qx]Av JiBq guiumqx 
( 9 ) JspjxajCa jaAVOx P AlPIAq xu^xsisjad puB ssauqjnd (g) isaposida 
SuTinp i{j{Biaadsa ‘pautBxdxaun puB xuaxstsiad ‘Biuadoqnax (p) (snso^B 
-raaqXiCja sndnx ax'Buiraasstp axnoB joj suiXuou^Cs aqx jo auo sx txaxqAv) ,pigiio 
pauiB[dxaun jo JSAap, qxxAV snxiqBq oxuaqxsB puB jo[XBd (g) issauaAxxisuas 
-'^Joxsiq B (g) fasnBdouara oq uio.ij saSv aqx ui ‘uainoAv 

JO aouBiapaodaid aqj^ (l) isnsox'BuiaqxiCja sndrq iCjiBaxa si xj aiojaq 
paXXBxsajoj jo 'paxaadsns ‘paziugoaaj aq snsoxBuiaqx^ja sndnx IFH® 
•satonepuax aAix'Buioiassta puB atgiaxiV-oinosBA Jo sisougBio; xJxiBa aqx 
•jC.inCui puB ssaaojd xBxaqjadns b raojj paqsinguixsip sb 
daap B JO aauaxsixa aqx puB ad^x ax'^uj^^ssip aqx jo aAixsaggns aiB uoipunj 
XBuai paajBdraT puB BijnuiranqxB XxFI^^dsa puB 'xu^uisS-iBxiia axxBqdni/fX 
piiB smoxdmiCs kiBxiouixnd ‘uoixnpnxa snoias ‘jaAa^ ( 9 ) -os ajooi uaAa 
BiuadoXifooqrao.iqx puB ‘ngis axqnjoABjun ub si Biuadoqnaq; (g) -uagjaxxB 
.to jpixox,, guiXBxnoita b puB ‘paq jbxoosba aqx p xuamaAxoAui guixsag 
-gns SB aouBogiugis aixsongo.id aABjg jo st suoxsax (jBxnaxxxoj) pxoasip xuoij 
paqsingatxsip sb snoxBxnaqx-iCja tnjojixxnxn p aauBjBaddB aqj^ (p) ge'ee'ss'os 
‘fi 9 '£ 9 -«'i 8 ‘M- 9 s‘ 0 E'sx' 6 ‘ 9 ‘-o‘S 3 SBa auios UI xnjdxaq qgnoqx 'uoixnBD xsouixn aqx qxXAv 
pasn aq xsnm sapiareuojxns x'eqx sujbav xI (0) •uojx'BqjaoBxa jo spoiiad 
ui Jto ‘paxoBJxx9 qX99X P^X^sjuj 9 ABq xou xsnin ‘uixnojaqnx qxiAS. 

sisoxnoiaqnx joj paxsax aq xoii xstiui — axiuiBu^iCp ajB sasBo axBuixnassip xBqx 
suiBAV XI (S) 'auop si agBUiBp aABjg puB sajnxan.ixs xt?XIA ui paqsjxqBxsa 
atuoDaq aABq paq anxnosBA aqx ui sagunqo oigjax[B aqx laxp— ajBx oox paziu 
-goaax ji uiaxqojd aABjg v auioaaq ox ^iaj[;x si snsoxBiaaqx^.ia sndnx 
XBqx (l)' SUJBAV XI 'aAixBgau j^x^Sjbx si snsoxBuiaqx^ia sndnx jo xaauiX'BaJX 
aqx ox jCgjaxxB-uojxaajui jo xdaauoo b p uojxnquxuoa aqx X'^qx passajuoa 
aq xsnui xi •uoixBZUoaqx Suiogaio^ aqX pxiiB suoixdaouoj) xuaraxBaix 
'snsoxButaqXiCja sndnx ax'^uiuiassip axnoB qxjAV xuaiXBd aqx 
SiCoJXsap x'Bqx suoixoBaj aAisoxdxa jo uibjx snojxsBsip aqx ..jjo sxas„ qaiqAV 
uiqs aqx ox iCjnCiit oigjaxxB ub joj xuagB ub apiAOjd ubo (snsoxBuiaqxi?ja 
sndnx ui uoixaajiit'lBOOj jo saipnxs ui qans sb paxngixsaAUi si xa^JX 

XBUixsaxui aqx) snooj XBt-taxoBq b qoiqAV /Cq uistuBqaaui b sxsaggns ‘jaAaAvoq 
‘suiJjCqdiod guizjxisuas-xqgix Jo uoixbuijoj aqx joj axqisuodsaj sb suisiuBgjo 
XBUixsaxui jo sadiCx uiBXJao qsixqBjsa ox guipuax qjOAV x«aoaj ajoui aqx 
j/pjBaqg" puB gjaqjax'sQ ‘uBui'jaqoaog ifq papuaxuoa si auijn jo poojq 
‘sxooxs aqx ui x«asajd jCjI^Xuapiau] iCx^Jaiu a.iB suiJiCqdjod x^qx 'XUBpunqB 
jCXJBinojXJBd ’st xqStIuns qoiqAv' ui’suosBas x^ Jo saijxunoo ui guiuixaqAvjaAO 
jCxxBaixs'xxBXS xou si aDuapiaui aqx puB sasBo .Cubui ui XJ^’d ou iCnjd oj suiaas 
jCxiAixtsiiasoxoqd iaA ‘joxoBj'ojgjauB aqx JOj aauapiA'a xsaguojxs aqx Jo auios 
qsiujrij snsoxBiuaqxi’ja sndnx lii vimiioiisiid fifwpisimopiid aqx qBaanag ut 
XxiAixoBaj oigjaxxB ox pax'^iaJ uaqAV xx^uis aq pxnoAv itjinbui qans jo pxaiX aqx 
XBqx axqisso’d asjnoa jo si xj ‘uoixaajui jo yfgjaxxB ub sy ‘sadiCx oiuojqo aqx 
JO axnoB aqx jaqxia ui ‘{Biiosja’d puB ibiiiuibj ‘punojgqoBq ajgjaxx'B aqx P 
XuiodpuBxs aqx raojj pautuiBxa ^xaX'Bnt^^P^ui s«q xaafqos aqx ‘Jiaj snqx 
■paipnxs SBAV xj qoiqAV ui bsBO aqx Jo auios ut avojjbui auoq aqx jo 
aqx xsax^T^ suoixBAjasqo jo jaquinu b qgnoqx ‘avojjbui auoq aqx uo xp^ssB 
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•■c’j'cp paqsiiqnclun -q ‘Xinqspij; put: ‘-g; ‘asog J. 

•osojj pjuAipg -JQ o} uoiiBOiunuunoa iBuosjad ui ‘uumssog « 

-apilioj jo uopaaoxa ^iBuun 9^ puB avo| sbav sproi9:^s-o:^93l-£X Jo 

uop9J0X9 jCjBUun aqx ‘s^uapBcI 9|Bui jiaiji jo x uj ‘Og pu^ PX P 

U99AVX9q 9I9A\ l\ pUB 9J1] ]T3naXSU9m aAllOB Ut 9J9AV 9S9qX JO 0X ‘.SaXBmaj 
9J9AV XS uioqAV SuouiB suoijBxsajraBui oiuiaxsiCs qjiAV sndrq pajBUinigssip 
9xtiOB JO S9SB0 83 pajoapoa 9ABq jiCanqsjpj puB aso-jj -sndnx pajBUTraas 
-sip ajTiaB JO AvaiAai apqx ui ‘jbux jo ^CqjjOAv sb sauBAO aqj jo uopBipBui 
pauotxuaui ,.psnBiAj puB uoxxn]^ -uoxsog ui jBjidsojx mBqSug 
jajag aqj sasBO laqjo jBjaAas ut xuauijBajj jo adiCq siqj paiCojdnia aAuq 
^sajBiaossB siq puB uBuissog -asBo x ui soubao aqj oj iCdBiaqj uoijBipBJji 
JO asn 9qx pajjodai pgpx ui gpuiAaq; puB oxjbjjuoq -uoixaunj ububao 
3uissaaddns jCq ajBuiaj aqq ut snsoxBiuaqxifja sndnj pajuqjaaBxa x^^JX ox 
apBui uaaq oabij sxduiaxxB jBjaAas xnq ‘dujsuoixBjai pans iCuB jo jooad sjago 
qaiqAV pajuasajd uaaq SBq aauapiAa ou 'axBp og, -asBastp aqx ut sauouijoq 
UBUBAO JO ajoj ajqtssod aqx SuqjiBSaj uoixBjnaads ajqBaapisuoa ox paj SBq 
(asuBdouaui aqx puB j^x-iaqud uaaAvxaq ‘‘a 7 ) ajtj jo asBqd {Buxas aAijOB 
aqx ut uauiOAi joj uoixaappaid b xjqiqxa snsoxButaqx^ja sndtq paxBUiutassqt 
axuoB JO suoixBqjaaBxa ottnaxsXs aqx qaiqAV qx]A.v ^Cauanbajj Supjuxs aqj,,, 
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Fig. 3 (a-e). Electrocardiograms of patients with pure lateral infarcts with atypical electrocardiograms. 
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uiBjjao jaic puB f juaSB aAijBSOBO aqj jo ajnjBu joBxa aqj jB9Aaj oj pajiBj 
aABq ‘jaAaAioq ‘sjanpoid poojq omaSojapi asaqj jo saipnjs OAisuajxg; 

sz'jqnjssaoonsun uaaq jbj snqj aABq sjBtaiuB 
oj asBastp aqj jiuisubjj oj sjdraajjB qy -xu^jBqdosBU aqj ui juasajd 
aq jCboi jaa]?B aqj jBqj pajBjjsuoniap 'jaqranu jUBogmSis b ui aoipuriBC 
JO aouajjnooo juanbasqns aqj SuiAjasqo puB sjaa^unfoA jo xu^jBqd 
-OSBU aqj ojui aoipunBj! uoijBjnooui jaAaj Aioqa^jsod qjiAi sjuaijBd 
JO sguiqsBAV JBSBU aqj Suionpoj;jui ^q i/uijjBjy puB j?B{puiq' -sijijBdaq 
aAijoajui qjiAJ. sjuatjBd raojj poojq jo raujas jo uoijoaCm JBjnosnraBjjui 
JO snoauBjnoqns iCq sjaajunjOA m aoipuriBt SuionpoJd ui papaaoons aABq 
osjB -ijjSao^ puB jUOjatuBQ -aaipuTiBC uoijB|nooui jaAaj AVoqaXjsod jo 
sa§Bjs ouajoi jo oijajoiaid aqj ui sjuai^^Bd uioaj pauiBjqo raujas jo uoij 
-oaCui snoauBjnoqns aqj jCq sjaaj,un|OA uBuinq oj asBasip aqj ^itosubjj oj 
ajqB ajaAk oqA. ss'sajBioossB siq puB :jUBqdi|Q ^q pajBJjsuoinap uaaq SBq 
juaSB oiuaSojajoi ajqissiuisuBjj b uibjuoo jCbui saAijBAuap sji jo auios 
puB poojq uBDcmq jBqj 'paapuj 'quaSB oiuaSojajoi aqj SuiiCjibo jo 
pajaadsns uaaq SBq i?qBjnjBa unuas jo BmsBjd ‘poojq pajaatui aqj ‘ssaa 
-Old asBasip aqj jo uoijanpojd aqj ui sjojobj sb pajBuiuiqa aq oj pauiaas 
aABq sjonpojd oiSojoiq aqj jo sjuauodtuoo jaq^jo 9q:j 90uig 

jj.f.*sasjoq UT Bjas snoSojouioq jo asn aqj 
3 uia[ 0 aui sajnpaoojd Suiziunuian jajjB pajjodaj uaaq aABq sasBa snoSo 
-|Buy ^j-auiooBA jaAaj lOBjBddBd puB ‘unuas jjnpu UBuinq pajujijs 
-uooai paiJp’puB pajood ^‘suoisnjsuBJj poojq ajoqA. ^/unuas ^juaosajBA 
-uoa sduinui pajood ^j'uinjas ^uaasajBAUoa sapBaui jx-e's'e'o^poBA jaAaj 
Aioqaj? gi'qdtUiCj xodqBuis paziuBuinq pajBuijaojCjg jo asn aqj qjiAV pajBia 
-ossB uaaq SBq asBasip aqj jBqj sajou auQ •M.ojaq pajBjnqBj ajB sjojobj 
poojq snoSojomoq giiiuiBjuoa sjanpojd aiSojoiq jo uotjBjjsmiutpB aqj oj 
uoijBjaj ui guuinaao sb pajjodaj uaaq aABq jBqj aoipunuC jo squajqjno 
joCbui aqj uo BjBp juBjJodun aqj, 'soueppuj •ajnjBjaqq jo AaiAag 
* -BCusBjd juaasajBAUoo sdtunra pajood b jo uoi^oafui snouaABJjui aqj 
jajjB sqaaAi n aatpunuf jBjnqaaojBdaq paSuojojd puB ajaAas padojaAop 
oqAi uBioisjCqd b’jo asBo aqj jjodaj oj ‘ajojajaqj ‘paj uaaq aABq 
•uiajqojd siqj jo sisyCjBUB jaqjjnj aqj ui anjBA jo aq ^bui ajq jiAto ui asBa 
pajBjosi UB JO itpnjs aqj ‘uosBai siqqi joj puB ‘suBaui jaqjo amos Xq 
uoissiuisuBJj JO iCjqiqissod aqj apnpxa oj jpo^ip si ji ‘suoijipuoo jbui 
- lOuqB asnvijaqjo jo'papAvojo ui Suiaij uaui jo saipoq agjBj ui ‘jaAaA.op[ 
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9^^ JO AOBubapBui p?uoipunj aq; ‘qnoip3UT?o aqq aBiuq 9 D.i 9 :iui jiain 
puB suninfoo pao-jOAq jo uott^dnisip aq:^ o; anp aq o:^ ^qSnoq:i. sbav 
snjs^oi JO uoijonpojd aq; jo msimjqoam aqx -aano ib 9 iui|d juajuddB 
jajjB uaAa sauoz {Bjjod aqj ui pajsisjad sisojqq ]Bnpisaj 'asinoo aaguoi 
B Suinanj; sasBa ui qSnoqj b^fpidBj puB jCjajajdoioo |Baq oj puuoj sbav 
sijTjBdaq 9snpip 'apij b sy ‘SaSusqa oijoqjjio puB BiSBjdjad^^q jBjnpou 
sasBo atnog ’pBajdsapiAv ajoni uoijBijjqut oiyCootjstq puB 
orjjfooqnaf aqj puB paounoiiojd aiom sbaa uoijBiauaSap qao oijBdaq 
qoiqAi. HI S9SB9 aaaAas ajora aqj oj uoijouijstpBJjuoa ui ‘pajBuutiopajd 
suoijBjnranDDB qao jBjjoduad aqj ‘StnssajSoijaj sbav iiois9| aqj qaupvv 
UI JO ‘SuiuuiSaq aqj uiojj pjiur sasBO uj •uoijBJjjgui jB[nqao jsajBajS 
aqj sjOBJj jBjjod aqj puB ‘aajSap paqjBui jsoiu aqj oj saSuBqo asaq:^ 
JO jsjq aqj paAVoqs sapqoj aqj jo sjajuao 9qj^ •uoijBJjjpxii oijXooijsiq 
puB oijifooqnaj qjiAV pajBioossB ‘sis^Cjojub puB sisojoau qaa oijBdaq jo 
pajsisuoD S9§UBqa jBijiiassa aqj^ ‘Bijajijo oi§o|Ojsiq ^?q jaqjouB uiojj 
pajBijuajajjip aq jou pjnoa 9 sbd jo adXj auo bfSojoija aqj jo ssajpjBSaj 
‘puB qB o; uouitnoo sbav uoijnqujsip pm i?jisuajui Sui^jba jo uoij 
-B uiiuBqui oijBdaq y -aoipimBC ifdBjaqjouasjB jo s9sbd gg puB lunjas 
JO uoisnjsuBjj aq; guiAvoqoj aaipunuf jo sasBO g ‘(dnojS juipj pjBAJBH 
ssojQ. pajj uBotjaray) uinjas juaasajBAUoo sdramu jo iioijoafui aqj 
SuiAVoqoj aoipuuBf jo sasBO g ‘sijijBdaq oiuiapida jo sasBO fj jo pasodxuoD 
SBAV dnojg aqjL ‘^^sdoiq uoijBjidsB ^q pauiBjqo Suiaq suauipads axjj 
‘sijijBdaq ajnoB jbjbj-uou jo sasBo gg ut saSuBijo aiSojoqjBd oijBdaq 
axjj paiprxjs aABq jSajBioossB siq puB ajqiQ ‘ftiaoivuy ojfiojoi/joj 

•9DIAJ9S pjaq 

aAijoB uo auiij auios juads puq itaqj qjun aoipuuBC dopAap jou pip 
SJa9jun|OA stq snqjL ’PPF jCiujb ub jo uaiii aqj Suouib jtxooo 

SB qons (-oja ‘ajrxsodxa ‘uoijujnujBoi ‘anSijBj) suoijipuoo i^q ‘ajdxuBxa 
joj ‘pajaAvoj si aouBjstsaj jBjauaS jijun pa^^Bjap aq Xbxu jasuo axp jBqj 
spaj sUOJaxuB^ -aiqxjdaosns jBixpiAipui aqj pajapuaj sbxj jojobj jaqjo 
axuos jajjB ^juo jxxooo ^bxu asBasip aqj jo suoijBjsajiiiBxa jBqj uoiuido 
aqj JO aiB j^.p.jSiojBSijsaAui amog -ajgj juBjJodtui ub ^CBjd oj sjBaddB 
uoijxsodsipajd jo iCjiqqijdaasns jBnpiAipui ‘sasBOstp jaqjo ui sy 

j-auiooBA jaAaj Avoqa^? oj pajBpj qBajqjno iCxujy 
sajBjg pajiun. JO 9AUJB9J gxiiqijjs b sb paAjasqo sbav siqx -uoijoajui 
joBjuoo JO aouasqB juajBddB aqj si aoipurxBC uinjas jo asxiBO Xjuo aqj 
SB snuA sijxjBdaq aAxjoajui aqj jo sisaqjod^q aqj jsuiBgy -sjuagB oigoj 
-oxja juaiaqxp ajBoipui j^qiBSsaaau jou saop sasBasip oavj aqj jo pouad 
uoijBqnoiii aqj jo q^guaj a'qj ui aauajajjip aqj jBqj guijsaggns ‘sqjuoui 9 
SB guoj SB SBAV asBOSip aqj jo’psuo aip puB uoijBjnooux axp uaaAvjaq 
jBAjajui aqj ‘ajoxujaqjjnj ‘puB ‘sijijBdaq aAijoajui jo jBqj XjuiBjjao 
jsouijB SBAV juagB Diuagojajoi aqj qaiqAV ui aaipuuBt xuujas pajuasaidai 
sasBO sijj -sijxjBdaq aAijaajui qjiiW sjuaijBd tuoij mujas JO poojq qjiAV 
pajBjnooui sjaajunjoA ui aoipuriBt jo juaxudopAap aqj guiujaouoa -uoja 
-xnB 3 JO jjodai juaoai aqj si aaipuuBC xuujas jo sasuBO aqj jo auo jsBaj 
jB SI sixjiA sijijBdaq aAijoajxii aqj jBip uoijisodojd aqj jo jioddns up 

•ainjoid iBoiutp axuBs aip 
gxiionpojd sjuagB jxiajaqip (g) jo ‘sixjia axuBS aqj jo suibjjs jxiajaqip {z) 
‘sn’jiA axxiBS aqj (j) riq'pasuBO aJB sasBasip oavj aqj Jbxjj ‘XpuiBU 'saij 
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' 93 ipum 3 _[ uinass joj oyioads •j.ou aa-c snq; putt suoi:^\puoo aaq^-O ui punoj 
osiB satt 'aaAaAvoq '^opnios 9ui|tts aiao:^odXi{ iCq sis.C{Oin3q o:} 

{ttoijou uttip :^utt:ts]S9a 9J0ui 9q o:). pres gau sp99 qons luiqo^Soragq jo Sma 
puioqipptt are i?q paqtaosuinoap si uan:^ ui qoiqAa ‘ttaaij auap u ^^q papunoa 
-ans iiiqo|8ora9q jo ssuui ]tta:^U99 ijuras u iCq paziaapuattqo aau j^sqx 
• 9 Dipimttt; uoi:jtt}nDoui a9A9j /AO|piC^sod tpiAi s:^u9i:^ttd ZZ P poo]q 
guppuDap aq?^ ui ‘sapsndaoo poojq paa p q.uttUttA v ,/sjpa pSau;^, 

- JO aSttjuaoaad qSiq i^punsnun ub jo oouasaadpqj pajaodaa i<!pu999a 
jjUttjdttAj puB jjBjqu99aQ 'saji^oouora ui osBaaoui ub s[B9A9a ^pB 
-uoiSBODo junoD |Bpu9a9jjip 91JX 'uorauiooun jou si Biuadoqnaj qSiioqj. 
‘iBiiiaou ^?]jBnsn si junoD ajiCooqnaj 9qx ttiraauB ‘uopuaup 

8ii0[ JO JO 9a9A9S SI 9SB9stp 9ip jj suoipussqQ fijopjoqoq 

•ssaupi aqj. jo aSttjs araos Suianp ajqudjBd uajjo si uaajds 
oqp -apiBdjttd joii uajjo st sasBO aaaAas ss9j 9qj ui jnq ‘aapuaj puB 
pa2aB[iia 9q a'bui jaAij aqx 'paqaBui uajjo si uopBjp;?q9(i -spijudaq 
9Aipajui JO asoqj oj jbjuuis osjB aatt suopBAaasqo juais^qd aqx 

•poiaad oiaajoiaad 9qj ui anoDo jCbui puB aaaAas 
aq iCttui snjianaj -sjoojs Xpoojq puB sisauiajBuiaq ‘saxapaa aBjuBjd 
josiiajxa ‘SuiuiBaaos ‘luniaipp 'iCqqiqBjoBajui ‘ssaussapsaa ‘XjqiqBj, 
-laai jiqu|xa A'biu 'umaas sajSBaiti oj anp puBjSugj ui qBaaqjno auo ui 
paaanoDO sb qons ‘sasBo aaaAag -snaapi jnoqjiAi anoao Abui asBasip 
oqj jttqj paauiAuoo aaB sapiaoqjuB autos jBqj jobj aqj si uopuara jo 
AqjJO^\^ ‘spijBdaq aAijoajui jo jBqj oj JBjirais si aajjBaaaqj. asanoa aqj. 
puB sasBO jsoui ui sjBaddtt ApBupuaS aoipuuBp -pajBAap ApqSqs Ajuo 
ao iBuiaou uajjo st aanjBaaduiaj aqx puasaad aq Abut uoijBdpsuoo 
ao Baqaattip aaqjia pUB juanbaaj aaB Suijiuioa puB BasuBu ‘Bixaaouy 
•sppipuaddtt ajuDB jo juqj. Apsop ajBjnuiis Abui ApBuoiSBoao puB jua 
-S9Jd aq Abiu ured jBiuuiopqy 'spijudaq jo adAj siqj jo opsuajOBJBqo 
ApBpadsa sb auios Aq paziSBqduia uaaq aABq puB uouiuioo aaB sutBd 
juioC puB BUBDijan ‘saqsBa oiqdaooaAjod ‘poiaad oiaajapad aqj Suijn(j 
•sijijBdaq aAipajui jo jBqj oj aBjiuiis auioapuAs ,pqi|-addiag„ b qpAv 
ao ojjBuiojduiAsB aq Abui jasuo aqj, 'sqaaAv gj oj g Supq agBjaAB 
aqj ‘sqaaAv gg oj z ^^^^aj SuiAaBA ‘Suoi ajinb Apunsn si puB asBasip 
Slip JO saanjBaj Suiqsingupsip juBjaodiui jsotu aqj jo auo sb papjBgaa st 
aaipunttf jo juauidopAap aqj puB pnpoad pajoadsus aqj jo uopoaCut aqj 
uaaApaq jBAaajui ao poiaad uopBqnom aqx 

•suopBooj snoiJBA ui saSBqaaouiaq puB aoumj. 
oiuajds ajUDBqns ao ajiioB ‘sisoaqdau apq ‘uinoao aqj ui paounouoad 
jsoui ApBusn ‘joBaj jBupsajut-oajSBg aqj jo uopBuuuBpui asuajui puB 
Buiapa paqjBui papnpui sasBO Auiay sajBjg pajiufq aqj ut sapijBuiaouqB 
aaqjo 'Stsoqaap AaBqiq aApoajui jo saSuBqa aqj ‘aaAaAvoq ‘giiipup Apu 
-uoiSBDOo ‘suotjBAaasqo aBpuiis pajaodaa nllzBag ui paaanooo juqj sasBo 
aqj JO saojBSpsaAui aqx g'AqdoajB paa ao Avopak ajnoBqns ao ajnoB 
JO asoqj aaaAv Auiay sajBjg pajiujq aqj ut uopBupoBA aaAaj A\.opaA 
SuiAVopoj aaipunttC jo sasBO jbjbj aqj ut saSuBpa opudaq uiBca aqx 

•pajstxa jBqj apq jo Aiopjno aqj oj uop 
-anajsqo Aub jo aanjBU aBjnqo]Bajui aqj Suiraaguoa aaqjanj ‘sjonp ap’q 
aqj JO saqouBjq aB|nqopajui aqj ui sisbjs ajiq jo aouapiAa ou sbav aaaq'x 
•iqraoaqj ajiq qjuv pnopBUBO aqj jo guiSSiqd aqj. puB spaa paSBUiBp 
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"e pauinsst! jCjjBnpBjS uaqj fssaupi aqij jo astjqd a^ts? aui piun suoiiutjooxa 
snojatnnu jo aijis aq:} puB itip XjSoipaaaxa sb.vv uras aqx uaiiTJajaqi aiai 
jaAaa sbav ?nq ‘aiq^d^Bd c^sn^ sbav uaaids aq:^ sX^p q:^fg mv pngg ain ^^L^vl^CT 
ABp qi^^xi aqx no ajqBdjBd AjanSBA sba^ qnq japBius ^TpjnpBjS aiuBoaq 
uaqx xi {nonon uBqx uug ajora qSnoqj^ •(niSjBoi {bx^oo aqx Avoiaq •raa q) 
snoqiqran aqx jo pAa[ aqx sb uAvop jbj sb a^qBdpd sbav aSpa sxi ‘asBasip aqx lo 
asBxs-piui aqx Suunp piiB japnax j^ix^lSn® sjqBdjBd auiBoaq uoos ‘aaAaAvoq 
jaAi] aqj, 'aaipunBC snopvqo aqx joj xdaaxa aAixBSau i?{a.nxna sb.a uoixBuraiBxa 
jBOisAqd asBasip aqx ui ApBa ‘uaas xs.nj uaq^Y ’sim'toadasqQ jbdp/iiij 

•qXiBaq pooS ui uaaq abxns SBq 
aq puB saixiAixoB ]buuou siq auinsaj ox i^j|BnpB.IS paxx'oi-iad sbav aq A{xuanbas 
-qng qaAaf xqSiaAV puuou siq pauiBSaj aq puB pouad x^qx Suunp pa.iBaddB 
-sip os[B snxunjd sijj ■uoiXBA.iasqo japun xou sbav aq |BA.iaxui v^ouxav Siq.mxj 
'sAnp qx2,xx puB qx06 uaaAvxaq pxun ‘jaABAvoq ‘paxsisaad aaipimBt aiqisi;^^ 
•aAissajSojd sbav ‘siCnp pjgg puB pngg aqx naaAvxaq asdBjaj i?.iBJoduiax b joj 
xdaaxa ‘puB unSaq uaqx x*J9tu9AOjduq aAixaafqo puB oixBuioxdiUiCg 'xqSiaAv 
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Atopic cc7.cmti; U, iillcrgic rliiiiitis; 3, l>rouchial astimia; 4, allergic lieadaclic; 6. gaslro-iutcsliiml allergy; C, urticaria. 
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Dio;uBgB jBiuaou 0; papps aaaAV g aangj^ ui UAVoqs asoq; 0; aBjirais snaiA 
JO suoi;Ba;uaDU03 -uoijBAaasqo siq; uaq;guaa;s 0; punoj aaaAV oajm m 
pa;anpuoD sjsaj, -sjuauiiaadxa aauaaajaa;ui asaq; o; papaoDDB ^jjBnsn 
atui; JO poiaad aq; aoj obs oio;ubiib aq; ui aAiAans ^Cbui uoi;Binaoui 
;sa; aq; uioaj snaiA ;Bq; iCia;iugap SAVoqs papaoaaa ;uauiiaadxa aqj^ 

•apBui uaaq sBq ifpn;s papua;xa 
aaoui B ji;un suoi;BAaasqo ^aBiqiuijaad sb ^juo paaapisuoa aq pjnoqs 


vzNam^Ni JO sasnaiA laiNan ‘aawaH 
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•uo|p3jui uiojj raaq; papa^ojd puu sanssi; 
omoXjqras gq:; o:jui :ju9Sb aApae aq:^ jo aScssud paqaojq i^[ 3 A 4 o^q^ 
snjiA pa4qpB.i.ii aq:f :jt;q:^ ‘uaq; ‘paA\oqs :^uaun.iadxa siqj^ •so.C.iqraa aq^. 
pun iioisuacisns aiujjqaiaui aq; A'q paAvoqoj ‘pinq oio:puqpi aq:; iii piino| 
SBAv .iaj 4 A‘:^IA 4 ^aJa^ :>saqSiq aqj_ •suopiuiida.id aajq:; qi? iq sn.iiA aApoB 
pap?aAa.i ‘pinq aio:qnqpi pniuou pa4;ipB.i.q p nopaafui A'.n?tiunqa.id 
A’q pajBdajd ‘sjo-qiioa aqV‘piu;q jaq:)o aq:^ uq -sSSa asaq; p soA’.iqiua 
puB sauT!.iquiam aq:^ in pa:jB.4SUoiuap aq ppioa snaiA aAi^au 


•8ouo.iajjaiui Aq sansst} oiuoAjquia jo woiioajtii jo uoiniSAa-ij — -g -oi^ 



aio:^iiBq'B aq:). ui sinoq §p JOj siuiA qs^:^ siq:j jo auios jo [BAiAans aq^ uibSb 
paAioqs ‘sn.iiA pa:j'BipBAai q^iAv pa^jBajq ^^juBuiud sSSa ^q:^ oq.ui (Oifjquia 
qoiqo aq;). joj) OOOT '<^l 9 ;)'Buiixojdd'B jo iioi;)aaCui i-saj^ (s)oj;)iioo 
auqBs) sauBjquiaui .10 O/^jqraa aq;) xii jou pinq Dio;)U'BqB aq). ut snjiA 
aAi)a'B JO sjunoniB ajq'B.ijsuoraap aanpoid )OU pip snjiA pajBipBJJi aqq, 
‘g ajnSi^ JO sjjBqo oa\) .iaA\oj aq) xix pa))ojd aiB s)sa) iC)iAi)oajui aqj^ 

•)sa) siq) UI jauaj )ou pip ‘iaAaAX.oq ‘soiCiqraa aqjg 
•sauBjqraaui oio)ub[{b jo uoisuadsns aq) ui aajSap jassaj b o) puB piuq 


652, 


vzNam,JNi ^10 sasuHiA laaNan ‘aiNan 





TO 9 cup pasBaJoni ?soi .CjiunpBjS sba\ .C:jj9dojd Suuajaajui 9 ijjl 
•siiJiA an; JO uoTjBipBJJT paguojojd uo p9UTB:^qo 9J9 av sjinsaa JBpinig 

•sj'noqg^ 

t^SBaj ^B JOJ 9AIAjnS A’UI 9SB;U9DJ9d lIIB^jaD B S9SOp .laSaB} ipiAV apqAV 

‘‘0 oZ8 uoqBqnoui jo sjnoq Sf uupiAV oatjobui aq ^bui sojia :}S 9 :^ jo 
saijTjuBnb HBrag -sniiA pajBipBjji qjiAV pa^Baj; .{[snoiAaid obs oiojuBpB 
aqj ui Binooui ajnpp jo jBATAjns aqj gupCpnjs Aq pa^Bjjsuouiap uaaq SBq 
SB ‘uoijBqnDiii JO spouad papuajxa joj *3 ^ ^b jCjtaijob uiB^-ai jou pip 
siuiA pajBSBdojd Z:]qsajj jo junouiB ajnuira Auv jo ‘jiiaSB aAtpB aqj jo 
sjunoiiiB ]}Btiis qang ‘uoijBSBdojd sji qjiAi ajajjai^ui piAJ. snjiA aAijoBui 
auj aauis ‘suoijipuoo asaqj Japun pazmSoaaj aq jou pjnoa OOI 

oj dn) snJiA guiAiAJiis jo sai^ijuBnb janBuig qBijajBui pa:^BlpBJJT aqj 
JO uoijnjip xio ojqBJjsuouiap aniooaq oj japjo ui uoijBipBJJi aAiAjns oj 
pBq sniiA aq:^ jo 000‘000'T/T 000‘00T/T snoiAqo auiBaaq ji 

puB ‘snjiA JO uoijBSBdojd ajBijiui jpjs jfBiu pinp oiojub||b oatjob jo qui 
000‘000‘001/T ‘siqj oj jsbjjuoo uj •suiuijn]S§Biiiaq jo uoijbhijoj ssajddns 
oj pajinbaj ajaAi (qui OOT/T) stijia pajBipBJJt jo sjunoraB aSjBj j^joaij 
-B jaj ‘puBq auo aqj uq "pip sjBuajBui ajnjip ajoni aqj raojj sajnjjno 
-qns jo uoijoafui apijAi ‘aSBSSBd puoaas uo sujia oaijob Xub pjaiX ^ou 
^Bui snaiA pajBipBJJi pajnjip ssaj jo uoijoafui aqj^ -jBDixopBJBd ajinb 
uoisBoao uo ajaAi qojqa aqj ui sjuaruuadxa aqj, qBijajBur jbuiSijo aqj ui 
juasajd qijs sbai sujia oaijob autos jBqj Xjjuanbajjui jou Avoqs Xbui ping 
oiojUBfjB JO sSunj asnoiu jaqjia jo aStssBd puoaas ‘qoiqa aqj jo ^^jiabd 
oiojuBjjB aqj UI suiuijniSSBtnaq jo uoijbuijoj jo aaiui ui siuojdniZ!s 
Z!ub aonpojd jou Z!Bai sujia pajBjpBJJi jo uoijoafut aq; qSnoqjjY 'ping 
oiojuB{[B aqj JO Z!jioiuaSoqjBd jo ssoj ajaiduioo oj puaj sZIbavjb jou pip 
sjuamuadxa asaqj jo suoijipuoa aqj japun snJiA Bzuangui jo uoijBipBJJi 
'pauoijuatu sy ‘pouad fBjuarauadxa aqj joj sSSd aqj jo pmg otojubjjb 
aqj UI juajxa amos oj aAiAJus ifBiu uinjnooui jsaj aqj uiojj sojia puB 
•snJiA aAijOB JO s:junoniB gBuis saraij jb pauiBjuoa snjiA pajBipBJji aqj, 
•sjojDBj jBjaAas i^q pajBoijduioa aJOAV sping oiojuBgB aqj ui juasajd snjiA 
aAijDB aq; Suijbjji; Z!q aouajajjajui jo aajSap aq; joj ;sa; 0 ; sjdraajjy 

•satpn;s asaq; joj ajqBjins ajoiu tuaq; pajapuaj spmg 
ja;;Bi aq; jo Z;;iai;ob jo aSuBJ japiAV siqj^ •(soZljqiua pjo-ZlBp-^j 0 ; -gj) 
sjnoq 96 0 ; J^JJ^ ‘'3 '?• ‘uoijBqnaui jo spoijad jaSnoj ja;jB pajoaf 
-joa sping UBq; ZljpidBJ ajotu sai;jadojd §uijajja;ui jiaq; ;soi (so^Cjq 
-uia pio-Z:Bp-gx p; -xx) sjuoq gp jo fz jo spoijad Z^JBuoijBqnaui ja;jB 
pa;saAJBq suoijBJudajj -pasn ping oio;uBgB jo adZ!; aq; uo ;napuadap 
SBAv ‘ujn; UI ‘aauajajja;ui jo aSuBJ.siq; jo q;piAV aqj^ •a;B;s aAi;oB Z:gnj 
aq; ui snJiA qanui 00 ; ;ja{ uoi;BipBJji ai;;ij 00 ; fj?;jadojd Suijajja;ui aq; 
paZ!oj;sap ajnsodxa Suoj 00 ; jo asua;ui ooj^ "uopBipBJJi jo anbiuqaa; 
aq; uo ;BqAiauios papuadap ;(ns3j siqj^ ’sniupnigSBuiaq aiqBJiiSBaiu 
JO uoijBiuJoj aq; pa;uaAajd snjiA Bzuangui gui’uiB;uoa sping oio;uBgB 
pa;BipBjJi aq; jo qui XO'O ■^I9;'BuiixojddB ‘suoi;ipuoa jBuipdo japufj 
■;oBj; ifjo;Bjidsaj ubi|buiuibui pa;Bai|diuoa aq; jo ;Bq; 0 ; ;sBj;uoa ui 
‘aoBjJus {b;o; gBuis i{[aAi;B{aj puB uaAa s;i jo asnuaaq s;sa; qans 0 ; pa;ins 
j^jJBjnapjBd SBAi ajn;onj;s siqj^ 'o/fjquia qoiqo aq; jo obs oio;ub[[b aq; 
ui pa;Bj;suouiap j?{ipBaj sbm ;uaSB 9 ai;ob aq; jo uopBgudojd aq; q;iAV 
SUJIA Bzuangui pa;BipBJji jo Z!;jadojd Suijajja;ui aqjL ‘uoissnosiQ 
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•aoi:iuoi[qnd v ui u.\ions aq qm sb ‘snaiA 
JO q:jAvojS aq; ^iqiqui qou saop OTO?,UT3qB aq:j UBxp jaq:jo sa:^noj iq 
OiCjqma aq:}. jo uoI:^o^Jat :^nq 'sanssi^. oiuo.Cjqrna puB auBjqraara aq:^ o:jui 
OBS oto:^nBijB aq:^ jo uamny aq; mojj snjiA aq; p agBsssd aq; s;uaAajd 
Aqiqj^daasns ui aSuBqa aqj^ ‘Sjnoq gp iiBq; ajora iCqBn;oB pajnsBara 
uoT;oa;ojd p pouad aq; 'obs Dp;uB|jB aq; ui sjnoq UBq; aiom joj 
saATAins j?qBnsn snjiA ;sa; aq; aauig •;uagB pa;BtpB.ui aq; q;iAV ;oB;aoa 
SuiAvoqoj sjnoq fg ;sBa[ ;b joj stuiA Bzuangttt aq; q;iAV uoqaapi o; 
j^jo;oB.ipj araoaaq ^{Bin sansst; aq; puB iCjpidBi iCjaA paSuBqa aq Kbiu 
jpa ;soq appdaasns aq; ;Bq; uAioqs aABq s;uaraijadxa Smqsnq aqjL 
•pa;sa; aq o; SBq j^;ipqBA Jiaq; 'pai^O|duia sanbiuqoa; 
oqj JO ;uaraaAOj:drai q;iA\. puB ‘suopBAjasqo ifjBuxraqajd tio pasBq ajB 
s;iiaxna;B;s asaq; 'iaq;aSo;{Y 'oo'^jd saqB; siuia p uoi;djospB jbuoi; 
-ippB ou 'snitA pa;B]pBj.TT p uoi;djospB Ja;jy 'psaAJBq asaq; ui ;sa; 
aAi;isodB aanpojd o; pasBapj uaaq aABq pjnoa inui;Tq3gBTnaq x{Snoua 
‘Suiqsnp JO pouad aq; guunp pajjnaao uoi;np ssajnjq •ja;Bj sjnoq 
Zl >^0 8p OBS op;TiBqB aq; jo s;ua;uoo aq; ui suiui;nj§SBraaq ^Cub paAaj 
;ou pip 'spjBAVja;jB ^ja;Bipaninii uoi;nps auips paiajjnq q;iAi. paqsnq 
puB sruiA pa;BipBJJt q;tA\. pa;Binaoui sSgg; •s;uaniuadxa Stiiqsnq aq; 
JO uoijBiapisuoo moij paurejiaasB aq ;ou pjnoo uoi;djospB ja;jB snitA 
aq; jo uoi;tqg^ ‘ajiugap a;inb JBaddB s;jnsai Avaj b 'sdBoipuBq asaq; jo 
a;Tds Tij E'sqao aq; inoij urat;niSSBixiaq aq; jo .uoi;nja ajqissod j^pBuq 
ptiB • "paATjap SBAi uiui;iqggBiiiaq aq; qoiqAi mojj uibj;s aq; itanjnooui 
aq; jo Tioi;n];ip SuisnBO SSa aq; ui ;uasajd pmp oio;uBqB jo ;unoraB 
aq; puB obs oio;uBqB aq; jo azis aq; uo ;napuadap ajB suoi;BUinua;ap 
qong •sai;ino^ip q;iAv ;ani aABq uoi;d.TOspB jo a;BJ aq; uiB;jaosB 
o; s;diiia;;y ’Obs op;aBqB aq; jo sjjao aq; j<!q ;ua;xa araos o; paqaospB 
aiB pinp ■oio;uBi|B pa;oajui pa;BipBiJi ui juasaid suini;njS§Biiiajj 

•STuiA g Bzuanpui jo 

uoijBgBdoid aq; q;iAV aouajajja;ui aq; s;uaAaad raiuas y BZuanpin-guB 
oqioads q;iAV sping y Bzuangut pa;BipBJJi jo uoi;BzijBj;Tiau puB ^;uaSB 
OAijoB aq;' qjiAv jaqjaSo; agnjiajuao paads-qSiq aq; ui aiqB;uaunpas si 
‘ajqBZiCjBip-uou si ;i •suogB.redajd jbhuou ui ;ou puB sping oio;uBgB 
pa;oajui ui iCjuo punoj st ^tjjadojd Suuajja;ui aqj^ uadBd ;uanbasqns 
B III j{jaAisua;xa aioin pa;Bj;suotaap aq giAi qoiqAV ‘s;obj SuiAiogoj aq; 
uo pasBq SI ;uaraa;B;s siqj^ 'joaga siq; joj ajqisuodsaj si sujia pa;BAi; 
-oBui aq; ;Bq; snoiAqo si ;p 'quauioui aq; ;b uoaiS aq ubo uogBUBjdxa 
a;iugap ou ‘uouauiouaqd aDuaaajaa;ui siq; jo rasiuBqoaui aq; o; sy 
•SUJIA aAi;oB ajqBj;suouiap jCjipBaj ;ou ;nq Suiaiajus o; ;jBd ui aup 
aq Xvm puB f‘pa;Bj;suouiap uaaq sBq suoi;BjBdajd paziuijBuuoj q;uA 
paJBduioo SB sauiooBA Bzuangui pajBipBJJi jo jC;iJOiJadns aqj^ ■X;ajBs 
puB i<!;TAi;aB oiuagounuiini jo ;upd aq; iuojj uoi;BipBjji j^q pa;BA 
-i;oBUi sautooBA SugBujBAa puB Suii^ojduia ui pajapisuoo aq o; aABq 
giM. b;bp asaqj^ -paureg si uoi;BinJojui ajqBipi ou ‘pa;sa; si ajn;|no fz 
pa;BipBjji pa;ujipun aq; iCjuo sb guoj sb puB ‘sujia Bzuaugui jo uoi; 
-BJBdajd uaAig b'jo uoi;bai;obui a;ajduioa uibjjoosb o; Jjuaigip si ;i ;Bq; 
s;uaunjadxa asaq; iuojj suoiAqo si ;j 'jjai ajaAi. sujia aAi;0B jo sai;i; 
-uBub gBius uaqAV auii; b ;b a|qBj;suoiiiap jaguoj ou SBAi puB ‘ajusodxa 

m 
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CT rziianyu! jo uiwis os'! oil? u^iav ajqTiaaiiou itiJcinaiucd uouatuonaqd b “(j; -jajj -da) 
snJiA isaj OAipc at]? Jo sasop JaSjBi qiiM. paanpoj^m aq Xbui sruiA aAi^ocui iBuoi^ippa jo 
jiinouic uiB?jaa b ?Bq? jopisiioa o; sEq osje ouq -s^insai ^uaaajgip uaAjS aABq ?q3iui 
suiBi^s asa’q? jo suopBJBdaJd jaq?o puB ‘sSuipug iB^uapwut aq nsAi. ^qSinr -jv p JaiSat^ Xq 
papjoaai buibj^s aaq puB g-Hd usaAi?aq saauajagip aqx -smiA g; puB y tiznangui 
10 sapjadoad Snuajja^Tii ut caauajagtp a'jou aj papEj bav !tBq? uoi^daaxa aqi q^iM. ‘s>]nsaj 
mo qiui (fuaniaaJSB poo3 ut iCuBjauaS aiB ejaqjOAt. asaip j^q pa;aodai sSutpug aqx 

•s^jnsaj Jiaq'j Suissuastp uaqAv 
uoisniauoD aiuBS aq^ cq atnoa sjaqaoAi-oa stq puB Japatz ‘^obj jo jajjBui b sy “juagB 
auijojaaju; aqj jo aouasajd eqi ut pauiBjJaasB aq -jobubo smtA Bzuangut jo uoijBAtjoBui 
aja’ldmoD iuqj jobj aqj jo AtatA ut i^JBjjiqjB !)BqA\ainos SJuaddB uoijBijuajagip siqx 'smiA 
pejBipBWi JO sitoijBJEda.td aAij'oajtii-uou puu pajBAijOBui XuBijiBd uaaAvjaq ajBijuaaaj 
-jtp BJoqjnB asaq X XjsnoiAaid suoiiBAJasqo ano paraaguoa qaiqAv j'pejBaddB 

irnjeJOH pu« utAuq ‘jajSaiz apiiju ub ‘ssajd ut ojoav sjdiJosnuBui asaqj agg^^ 


•sanss^ omoXjquia aq:j ui Sui:jT3SBdojd piiB 
Sin.i 9 ^u 9 uiojj snjiA :}S9:j s^uaAajd uopoaCui Suijajja:fm aqj, 'g 

•a^'GSBdojd o; snaiA aAipi? SuiAiAdns jo sai:^i:jUBnb q^ras 
:jTui.iad puTJ iC^aadojd SuiJ9jja:^UT ^q:^ asBajoap sda:)s q^og -pinp 
aq:j jo uop'BipB.ui paSuojoJd lo aoiqn|[p ja:jjB iC|uo pa^’BJ^saoraap aq 
/jjui sarapanios stioi:jT3JT3dajd pa:ji3ipT;jJi ui siuia aAi^oB jo |j3ATAjng 'i 
•uoi:jaa_[ui /IdBinud aq; Joj pasn ajaAv smiA pa^uipBjJT jo suopnpp Supiraq 
uaxjAv a^'eS'Bdojd jCqx 3 n;aB ^'Bui snaiA (o) Ipouad i[B;uaniuadx 9 aq; joj 
' 0 oZS ;ua;xa ainos o; i?;iAi;a'B ui'B;aj ^Btn uoi;B]nooui ;sa; aq; raoj; 
sriJiA (9) !uoi;oafui ;sjq aq; q;TAV ja;ua puB uoi;BipBJj] aAiAins ^Bta 
snJiA JO s;unoraB {[Buig (») :saa.inos g moJj paAuap aq /bih sS 2 a iB;uani 
-i.T 9 ’dxa aq; jo pinp ojo;ubiib aip ui punoj Xpuanbajj sputa aAT;oy -g 

•ja;Bj sjnoq p9;o9[uT uaqAv guTiCjdijjnra 
IU 0 . 1 J shJiA aAi;oB pa;uaAajd os{b Suiqsnp Suijnp SSa aq; o;ui sputa 
pa;BipBjji aq; jo uopoafui aaujs ‘iC]pidBj j?j9a sipiooo spaa ajqpdaosTTs 
JO uoi;oa;oj[d aqx •aauajajaa;ui aq; a;BUTuiqa ;ou pjp 'suTUT;PTfggBtaaq 
aaaj aAomaa o; sputa pa;BipBJJi jo uopoaCui aq; SuiAiopoj uopnjos 
auTjBS JO qra qoT ^^q^ obs oto;ub|{b aq; jo SujqsPTjg -g 

•pa;ou SBAV uoTjaa; 

-ojd ou 'snjTA aAi;oB aq; ja;jB sjTPoq pg pa;oafui uaqj^/^ •aauajajj9;ui 
aATSU9;xa aanpoad puB spaBAV.Ta;jB sjpioq g o; dpr puB stuta ;sa; aq; 
aaojaq sjTToq gg sb iCjjBa sb iTaAjS aq pjtroa uoT;oaCiTT guuajja;TiT aqjL 'f 

•;qgq ;ajOTA-Bj;[TT j{q 

TToi;DPu;s9p 0 ; 9iqi;daasns ajoui sbav (soXiqraa jagiinoX) s;saAaBq aaijJBa 
aq; iti jC;jado.Td giiT.Tajja;uT aq; qpaAaAXojj -saTPoq gg ao ‘zl ‘8b ‘fZ 
aoj pa;BqTio«i saan;ina snaiA raoaj paAuap spmp oto;iib[[b pa;BTpBaai 
uaaAv;aq pa;ou aaaAV iC;aadoad 3uTaajaa;ui ui saauaaajjTp SuTqTa;s 0 ^ -g 

■gupsa; aoj 

pajoafui aaB osqj uoipiru gi JO gj aaq;aqAV jo ssajpaBgaa aBjiiiiis aaB •‘^aqj^ 
•s;jTTsaa aq; tio aauaPTpui oti sbpj snajA ;sa; jo uoT;Ba;uaDuoo aqj^ "g 

•STPaiA ;sa; aAT;aB jo 

uopBjnooiii ;TPaTTbasqpis b puoaj uiupTTjggBmaq jo sjupiothb ajqBaPiSBatu 
JO uopBraaoj ssaaddpis jjtav ^Cjtabd oto;ubj|b aq; o;ut (pinp oto;ub{|b) 
STTaTA pa;BTpBaai jo qui ggg-g 0 ; jg-g yCja;BraTxoaddB jo liopoatuj •; 

;s;|iisaa guuvouoj 

aq; iiaATg SBq ;uagB aAT;DB aip jo uopBgBdoad aq; pxiB spiaxA BZiianpui 
aApoBiii iraaAVjaq aouaaajaa;iiT jo s;aadsB srroTaBA jo /!pTT;g •’iCjBraTirag 
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u.ia^^'Ba •B SB Bjnuiaoj 8 iS,aa: 5 joi.i 5 suapXg Suisn ‘j^jiBouiduia uasoiio XiuBssaaaii 
SBAi S!)u 9 rauadx 0 |Boun[o asaq:> ui paA!ojdraa apqAv SSa jo 'junouro ain' ‘uia^sAs 
uBranq aip ui ui!)oiq azi{Bj[piau paainbaj uiptAB jo ^unonre atm SnunsBaiu 
joj p.tBpuB^^s aAi'jBp:}UBnb aptipap' ou qaj? sb sbas. ajaqij sy 'ampaoojj 

•spooj SuunB:)uoD-in:)oiq jo 

V JO aoBjd UI 'sjuaijBd jo sdnojg pajoaps jo qaip aqq ui ajiijAv SSa jo 
saiqpuBnb quaioqjns Suijnqipqns Aq .?pjam ‘jaip qSnoaqj sisauaSouioJBo 
JO |o.ijuoD JO -Cjoaqj siqj ^C|pDuiip ajBrqBAa oj jq3noqj .ino seav jj 

•uoijDn.ijsap jpqj jnoqB Suuq snqj 
puB sjpa jireugijBui jo uoijaunj pijiA aqj qjuv ajajjajut Apnopias jqSiiii 
ajnjAv SSa juqj put? ‘suopounj oqoqBjaui jpqj joj uijoiq pajinbaj 
sjpa jUBuSipui juqj sisaqjod<fq aqj jo g'fg'vSJsaj se spuj jEOiuip 
^fjEuiuiipjd araos jno Sjjvd oj sn oj pajjnaao ji ‘qjAVOjS qao {EuuouqE 
uo uijoiq JO aouanjjui aqj jiqiqui .Cjqissod j^‘pajsaSSns aouajiiEq; se 
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' 3 [dpjnui pun paunA aq oj uiaas suio:>duiXs aq; aoj a|qisuodsaj sjopnj aqj^ 

•A\aiA ja^:jn{ aqj a:jna 

-oqojjoa suoi^nAJasqo fiSjoojg pun uassiAs.naj\r -sisouais aiJopCd oiqdojj 
-jadXq ]n;iua’Suoa jo suijoj ppm ifpnpuassa aan rasndsojopCd sn pasouSnip 
sasna Xuniii ^jnq; gc'sl’TiH ^^q pauin^sns pi:js ‘uoiuido jap]o aqj qijAV saajSnstp 
oqA\^ .^‘aajnuijnj pazunmuins uaaq snq sisouajs auopCd aiqdojjjadAq 
pun uisndsoJOj^W a|duiis iiaaAv^aq sisou^nip ]ni;ua4a_pip aqj^ -pnAV pmiuiop 
-qn aqj qSnojqj aiqisjA saAUAV ai^jn^sijad :>uauimojd A’njdsip A’nm uaappqa 
paqsijnoujapuQ -pajadmnq si .Cpuanbasuoa uinuaponp aq^ o;ui sjua;uoa 
qanuio;s jo ^jixg •a.in;ninasnm auopCd aq; jo ssau^nnj Suiuoi^ounjs.^p n oj 
anp aq o:^ paAaijaq uaaq snq Sui:^]moA ppajoj aqj^ ‘ajH }0 sq^uora Avaj :»s4g 
aqi ui s:junjui Xq uAvoqs Sui:}]moA ap^oafojd ^uajjuaaa aq:^ o:^ j?pnai:^uaun 
pun XjaaJj J 9 q?n.i pajiddn sisouSnip n si msndsojo|Xjj ■msDcIsoMilij 

•asna |nnptAipuT aq:j 

ut punq aauapiAa jatpo aq^ jo ;q3p aq; ui ^pnaiutp pa;nn|nAa aq ;snm 
sSuipuij -jojja JO uiSjnm ;unayiu3is n si aaaq; ‘sjoo; .Cjojnjoqnj jaqjo 
;soiii aqq ‘jaAaAvojj ‘sisouSnip ui pin jnai sjajjo .Cnj uaSjuaoy^ aq; ;nq; 
SI s;joda!i jCunm aq; jo jnsniad moij UAvnjp aq o; uoisnpuoa jnjauaS aqj^ 

•uo^njado aq; o; ajqn;nqu;;'n uoi;ipuoa Di3ojoq;nd Xun ;uasajd 
qonuio;s aq; pip asna ou uj ■sisoua;s ouopCd JOj uopnaado aa;jn sina^C g 
uaappqo Qi painj ua3;uao'jj ^nng ‘iniujou a;inb shav Xnp q ;06 aip -^q ^Tiq 
Xnp pig aq; uo SuiiC;dma avojs pnq ;unjui siq -^Cnp aAi;niado;sod ;sjij aq; 
ia;jn pa;nadai ;sa; aq; snA\. ;unjui ; Xjuo uj •jCpAi;njado;sod sinoq qS 
;noqn p;un pa;9]dmoa ;ou snAV pun uoi;niado ia;jn sinoq g; o; g unSaq 3ui 
-Admg; -pn ui pa;ou snAV sinoq I;; 8 ™oij 3 ui;sb| uoi;ua;ai aii;sB 2 a;ajd 

-raoa ‘uoi;niado ;pa;smmnp[-;apai^ aq; ia;jn sinoq go;; uiq;iAv ia;nAV jo 
aouno ; ui a;nj|ns mniinq jo jnjuoodsna; ; SuiApaai uq 'saiqnq sisoua;s 
oiiojXd 01 Xpnaiqdni3ouaS;uaoi paAvopoj jsSiabq pun laqn^ •uoi;niado 
ia;jn ;Ci;un;sui 3uiuoi;aunj pmiou o; uin;ai ;ou saop qonrao;s aqx 
•sno;n;nd qSnoq; qnuna oiiojid 3uo; iCpnmiouqn un pnq |p;s f ;nq pn ‘aaij 
-uio;duiiCs Avou aiaAv pun sisoua;s oiiojyCd oiqdoi;iad^q sn pasou3nip uaaq 
aouo pnq oqAv sina^C 50 ;; a3n uaippqa iaq;o 95 jQ maas aq p|noa saAnAV 
aii;snS pun paiqdoi;iad^q pt;s snAv qanmo;s aqj^ •;uauimoid aiom spjoj 
jnuipn;i3uo| pun sami; ;n lapnoiq sdnqiad sbav puna aiiopCd aq; q3noq; 
‘paia;;nun aiaAv ajoqAv aq; uo saauninaddn aqj^ •su3is ua3;uaoy; ai;sou3nip 
aAoqn aq; pun sain;naj {naiuip aq; 3uiAnq s;uai;nd gg jo g ina^C n uiq;iAV 
pauimnxaai mgi;sun'g •qanrao;s aq; jo ;uaraa3in{ua 

10 ami; 3uiX;dma pa^Cnpp ‘saABAV ai;|n;siiad ;uauimoid am unq; sisoua;s 
aiiojM JO u3is ai;souSnip ajqnipi aiora qanm n si jnuna aiiojiCd pa;n3uop un 
JO Suipug siq; 5 guai 3 pnj^,\^ pun mgi;sun’g pun ^gsmiqoop jo uoiuido aq; uj 
•;uapiAa iC;3uoi;s samoaaq sisoua;s oiioj^Cd jo ain;aid jnaiupa aq; -ram J, -lo 9 
JO q;Sua; jnaijiio aq; unq; aiora si q;3aa; snioj^d aq; uaqAv ;nq; pun uoui 
-moaun ;ou am sasna aupiapioq a;nipamia;ut ;nq; papnpuoa sioq;nn aqj^ 
•apsnm aiiojXd aq; jo uoi;nxnpi pun uoi;oni;uoD o; paqiiasn aiaAV sa3unqo 
asaqj;, 'papij pun apiAV sarai; iaq;o ;n ‘Avoiinu pun aug painaddn sarai; 
;n puna aiio;iCd aq; s;uai;nd araos ui ;nq; 3ui;saia;ui si ;; •;uara;nai; 
|nai3ins-uou q;iAV snio;dmjCs iaq;o pun 3ui;imoA aq; moij paiaAoaai 
siaq;o aq; :uo pa;niado aiaAV asaq; jo g -^luo IT o; p ‘ia;ioqs snAv 

jnuna aq; sasna iaq;o i uj •ino;uoa inaup map n pnq pun puna aiiopCd 
aq; ;n i^pdniqn paddo;s uini;un aiiojM aq; jO Avopnqs ;sBi;uoa aqx 
•dn aiaAV sinoq f aiojaq if;draa sq;inoj-aaiq; o; jpq-auo aiaAV piaAas q3noq; 
‘uoi;nnanAa paXnpp paAVoqs qanmo;s aq; asaq; jo ;sora uj ‘ram fg 0; g-g; 
snAV q;3uaj aq; uoi;niado i^q pa;nai; pun smo;drai?s paiuip aiaAas q;iAV 
sasna i uj -ram go;; ;nq sbav puna aq; jo i;;3ua; aq; uaippqa praiou uj 
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8inoq Aduia UB ao quinq, uo sosiuu UimL TOqJJxToBrams om u 
ualil'^si gmnas'^ ‘paniJOj si siqqnq jib ou ^qn:^ qoBnio:^s 

U9/q§ SI §uip99j B U9qAi qiB ;B 9UOU ‘;SBJ B J9;jB iSB§ JO :?JlJUBnb IIBUIS B 
SUIBJUOO qOBOIOJS S,JUBJUl 9qj SIBBIH U 99 AVJ 3 q poijod 9 qj UJ 'SaiqBq JO JOBJI 
IBuijs9jui-ojjsbS 9 qj OJUI JIB JO i?jju 9 9 qj uo S9lpn:^s 9 aisu 0 jx 9 quo pgiijBa 
9ABq SJOqqUB J9pp jCuBIU SB JpiA SB ^g,U 9 AOg pUB ^BuOJO'q pUB 9 UliY 
^ ‘qqjtq J 9 qjB sjnoq 9 oq p ^q jjb ui uinqo 9 j jo piouiSis gqq p 9 qoB 9 i jib 
. sjUBjui ujoqAV9u I JO quo 9 ui S9qnuira qi qsjij oqq uiqqiAV uinuoponp jo 
qoBuioqs 9qq ui jib punoj ^gBSsojq; puB buib^j -uoiqBjidsui qsjij ^Cjoa 9 qq 
qqiAV sujoqAV9u jo sqoBoioqs Suijgquo jib poqogqop ajquq jCjoAipp gqq jb 
i?qdBj3ou93qu90J i?q ^jSojsnog jaqBg -gjq jo SBqnuira 08 qsjy 9 qq ui pAvoq 
jjBuis puB qoBuioqs 9qq s9qoB9j jib quqq p 9 qBjqsuoui 9 p qsjg goi^ppx 

•99UBqJ0duiX JBDlUip JO jCjpjBq UOTSUBdxg UB— 9JIiq 
-BJ9dni9q Xpoq jBUjgqui oq pauiJBAV 2upq uo buiujoa ui % 9 quoqu bsbbjoui 
111^'- ‘0 oIS raooj qBqq quo sSuuq avbj pojJBq;]) uiojj uoiqB|no|BQ 

5 „qBUB 0 i^JBqu^UIIlB gqq ui sb2 ou qiqiqxo sSuiuado jtraoqsojqsB§ qSnojqq 
p9j puB uoiqoiijqsqo jBaSuqdoso 3uiABq sjbuiiub jo squaiqBd qBqq uoiqBjqs 
-uoiitap aqq ui puB g^'ajaqdsouiqB aqq sb quaquoa uaSojqiu 9iubs aqq qnoqB 
9ABq qoujAV ‘su9uiio9ds P9J9A009J JO uoiqisoduiOD jBoiutaqo aqq ui saq joojg 
•JIB JO SuiAvoqBAiS qnq ‘uiBajqs poojq aqq uiojj uoisngip jou pooj jo uoiq 
-Bquarajaj jaqqpu si sb§ siqq jo aajiios jaiqo aqj;, •uinqoaj oq qoBuioqs uiojj 
‘qoBjq jBUtqsaqiit-ojqsBS aj’iqua aqq uiqqiAv quasajd si squnouiB aSjBj ui sbS 
pooqpjiqa* j^pua puB i?ouBjui guuiiQ •i/obbio^S' 9^i m ny .‘vidmidoxgy 

•auiojpiiiCs 

uisBdsojojXd apquBjui aqq ui SuiqimoA quajjuoaj aqq jo sisauaSoqqBd 
aqq jo iCpnqs oq suapi Avau asaqq SuiifjddB punoj uaaq SBq i? 9 Ajns quaoaj 
o^ g-msBdsoJoji?d s'uianpojd /iq q’ou puB iCqiqqoui oijqsuS Suissajddns 
.Cq uoiqunoBAa i^Bpp qriuiiqs snoixou puB saquqs iBuoiqorag; -qinq puB jaq 
-auiqd's aqq jo uoissajdap stioauBqjnuiis b jo aqids ui sjnoao uoiqupjBqaj siqj^ 
•jCqqiqoin ouqsuS Suissajdap i?q uoiqBnoBAa oijqsuS' spjuqaj auiqsaqui jaddu 
aqq ui pi^t* ouojqoojp^q jo sjjnqspooj jo aauasajd aqj^ 'uiniquB oiioj^fd 
aqq /q padopAap ajnssajd jaquajS aqq ajojaq sppi^ SuiqoBjquoo aqqAi. 
jaqDUiqds aqq i?q pajajjo aauuqsisaj aqq SuiiCqduia jo qoB aqq Suuuq 
• pooi'qqiAV pang st qoBuioqs aqq uaqAi. uaAa ‘araiq aqq jo qonui uado saq 
jaqauiqds auoiiCd aqx -aauBqsisaj uoiqunoBAa aqq aiuoajaAO oq aqunbapB 
uinua'ponp oq qoBoioqs uiojj quaipBjS ajnssajd b uo quapuadap si uoiqBUOBAa 
oijqsBS iBUiJOW -qinq puB uinjquB aqq jo uoiqoB aqq ‘oq jCjBjquoa qou oq 
jBiiuiis lauuBm b ui qoB oq suiaas jaqauiqds aqx ipn b sb aABqaq oq spuaq 
pui? koiqDBjquoD oiuiqqiCqj saqnaaxa iCqBUiJOU uoiSaj jaqauiqds 
ajiqua auq quqq SuiqBOipui aauappva paureqqo aAuq ^^.ggpjaqqo puB 
‘sSop uo spoqqaui aAiquSiqsaAUi A\au SuiiCo|duig; ,/jadaaq aqu „ b 
jaqauiqds aucjM aqq jo lioiqdaauoa xopoqqjo jaiujoj 
.?jaA 91V rasiuBqaaui Sui^qduia auqsuS aqq jo "'a 

-poTAT -sguipaaj pajBdajd .fqinBj uiojj uoiquqiJJi oijqsuS oq jo 
-L dXq iBuo'iqnqiqsuoa oq jo ‘^SjapB oq jo ‘^SuqdojaB 

jiaqq aivo uisudsojopM pasouSuip ^psoDj sasBO .?ubui XiqBiioiqsanDufl 
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pajqnoj; s^ubjui pasiApB .Caqj;, -qoua jo uoi:piodojd aApnjaj aip 
uo’ Saipuadap ‘pmbq jo jib o;ui uado piAv snSBqdosa aqi puB ‘BipjBO aq:; 
pjBAVoi) sasTJ sb 3 aq:> poB snJo^Xd aq; JBau sa:jBpitanDDB pmbq aq:^ apis aqSu 
aq:j uo paoB^d aq :jubjui aq; ji jC|asjaAuo 3 -ApBnpBjS :jnq .C|aAiso|dxa :;ou 
‘uinuaponp aq:) o:)ui sa:)BnDBAa ajqqnq auojjCdajd aq:) jnoq £ uBqa ssaj uj 
•snJopCd aq:) pjBAVo:) sastj jib aq^ puB snpunj aq:) o:) a|:):)as s^ua;uoD pmbq 
aq:) ‘apis :)ja| aq:) uo paaB|d si :)ub|ui ub Suisjuu jaajB ^^j^:)Blparaml ji :)Bq:) 
paAjasqo ,Suojaq; puB ouiiy -sapis :)jaj Jiaq:) uo paaBjd puB SjBaui ja;jB 
Suiqapq uiojj pa:)uaAajd ajaAi uajpjiqa aq:) uaqAV ja^BajS sbav S)ubjui jo auij 
-sa'jui aq) ui sb3 jo yCjijUBub aqj )Bq) punoj ggraoJjsSug puB uossnuSBj^r 

•sami) 

qB )B suJOji^d aq) qSnojq) iC[)ua))imja)ui SupjBaj sdaaq jib paAvoqB*u.s 
)Bq) SI •uinuaponp aq) o)ui )i jo puaqu jib aajoj o) sBq qDBmo)S 
aq) uiojj'sassBd qoiqAv pooj snqj, paddBJ) si puB 

snJO[/!d aq) pJBAVo) sasij qaBmo)s aq) ui jib uoi)Tsod auidns aq) ui uaqAv )ng; 
•uoi)BpidiUBUi jBJn)sod SuiAVoqoj uoi)B)anja ifq adBosa o) ‘Suipaaj Suijnp 
)oaiioD qaiqAi sajqqnq snotujoua aq) a)BJ)suomap qaiqAi. sniBj3oua§)uaoj 
]Bijas paqsijqnd aABq gePJBj^^ aq; puB q)iuig •)! o)ui asij qiAi jib aq) puB 
jaAaj jaqStq b )b saq BipjBO aq) ‘)oaja-iuias jo auojd pjaq si ^Cquq aq) uaqAV 
‘aauajj ‘BipJBO aq) O) Joija)UB puB jBpnBo saq snJOjiCd aq) )ubjui aq) uj 

•Suipaaj pidBJ qans joj. ja)amBip ui -ram j; 
sajoq aSjBj aABq )snra sajddiu jaqqn'jj "sasjnu puB sjaq)oui aq) joj arai) 
qonui paABS puB s)uiB[duioa jBui)sa)ui-oj)SBS ou o) asu aAuS ‘sbS o) anp 
saauBqjnjsip jBOiuBqoaui tnojj Shisijb sraojdunCs jBuiraopqB pajBuunqa 
aSuBqa siqj^ ‘sajnuira gg ^^JBmojsna aq) jo aoBjd ui sa)nuim 9 o) g O) jna 
SBAV arai) Suipaaj aq) uaqAV jaqBras qanni sbav ojqqnq sbS qoBmo)s aq) )Bq) 
S)UBjui ’paj-aj))oq puB -)SBajq 09 amos q)iAv Jaq)jnj pa)BJ)suouiap odjq\ 
•uaqB) aq pjnoAV sa)nuiui qS ui pajnoas )unomB aq) jo %g 0 uBq) ajoui 
sa)nuiui 01 -^a; •sa)nuiui g )Sjg aq) Suijnp uaqB) sbav qqui aq) jo %08 
UBq) ajoui )Bq) ‘Suismu Suijnp ^qunuijuoo s)UBjm paj-)SBajq SuiqSiaAv iCq 
‘pa)ou pBq csxodjj^ ‘paDunouaid puB paSuojojd saraoDaq SuiAvoqBAvs jib 
‘ aj))oq aq) raojj i^jaajj Avoq )ouubd qqm )Bq) quras os ajB sapq ajddiu 
aq) Ji ‘ajqqnq sb 3 aq) ja)Bajg aq) sqans iCqnq aq) ^jjB 0 i)a 3 jaua ajoui 
puB jaSuoj aq) ‘jib jo snjoq b )i q)iAV sauJBO qjiui jo jWojjbavs qoBa aauig 
■)SBajq JO aj))oq uiojj Suisjnu ui )uads arai) aq) puB sajddiu jbioiji)jb aq) 
UI sajoq aq) jo azis aq) jo suija) ui ajquAjosaj aq o) raaas pjno^vv paAjas 
-qo saauajajjip aqj, -saiquq paj-aj))oq q)iAV jagjBj ajB sajqqnq sbS 
oij)sb 3 aq) jaq)aqAv o) sb ajn)Bja)ij aq) ui )uaraaajSBSip si sjaqx 

•)uasajd 

sb3 jo junoTUB aq) uodn ^ja3jBj spuadap jBara b Ja)jB qoBrao)S aq) jo azis 
puB adBqs aq) goi^JJ^qX Suipjoaay ’Suiavojjbavs ^q pa)Bi)iui sasjndrai 
xagaj jCq pa)Bjnrai)S ‘jjbav qoBraojs aq) ui aoBjd SupjB) snuo) aijojsijad ui 
dojp puB uoi)BXBjaj JBjnosnra b pa)Bjn)Sod aq )Bq) Suipaaj jo sa)nunn iWaj 
)sjq aq) ui ajBjnranoDB ubo qoiqAV jib jo ^)i)UBnb aq) iCq passajdrai os sbav 
gjOjjojjj 'srajoj qoiqAV ajqqnq sbS aq) jo azis aq) uo aouanpui ou sjBaq 
‘auidns jo auojd ‘)oaja ‘3ui^j jaqjaqAv ‘3uisjnu Suijnp pjiqa aq) jo uoijisod 
aqj^ •q)nora aq) )Ou puB xraCjBqdosBU aq) si jib paAvojjBAVs aq) jo aajnos 
aq) aauis ‘ajQj ou SifBjd ajddiu aq) jo aduqs aqj, oii'i’qiiui }o avojjbavs 
qDBa q)iAV snSuqdosa aq) UAVop paqsnd ajB xukjBqd aq) uiojj jib jo sajqqnq 
‘jjbav jBaSUiCjBqd joijajsod aq) uo sajai)jBd pooj jo )OBdrai aq) si sajosnra 
3uiavojjbavs aq) jo uoi)obj)uod xajjaj joj snjnraijs aq) aauig •uoi)i)njSap 
Suijnp xiL^jBqd aq) jjg ^ja)ajdraoa ajora qaujAV ijoq aSjBj uijoj spooj pijos 
SBajaqAV jC)i)UBnb )ajdojp ui )BOJq) aq) saqoBaj aj))oq b uiojj spmbij )Bq) 
aq 0) sraaas uajpjiqo japjo uBq) jib ajoui avojjbavs qjira uo paj sjubjui XqAv 
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■fio ^Tiqs SI uopupiDjiD uaqAV sn suoi^ipiioD ssjaApi? japun 
sxnooo qoiqAv |3A\oq «joqM aqj jo uopouj^uoD oi{o:>sis pun ‘ssatjav asaaAaj 
saATJAv snuo:^ sn qans ‘s^uamaAoin pinpsajui pnius jo sad.C:^ jouuii jsq^o 
JO jaqmnu t: aju aaaq:^ uoijippn uj 'IpAV apsnra aqj jo 9at)av oijjnjsuad 
n qjiAV pajuiaossn ^^iquunAui jou qSnoqj ^pnnsn si qaiqAV sjuajuoa jnuij 
-sajui JO trcun|oa v jo pjuAVjoj Sutqsnd aqj si uouamouaqd pajiqaJi qSnoqj 
ajnandas y ‘siiJojiCd aqj saqanaj aAHAv aujsnS n aunj aqj jnoqi? uinuaponp 
aqj ui SuiDuaumioa -iCjjuanbajj ‘jaAVoq aqj. uAiop jCtiai. jjnd sjaAiuj uoijanjj 
-uoa JO aAUAv y -qsuj aijjujsijad aqj si ad^j jsiqo aaqio aqj;^ •aunjquiaai 
snoaniu aqj jo aanjjns Suiqjosqn aqj jaAO uinSn pun uinSn uiaqj pnaids pun 
‘saamC aAijsaSip aq:; qjJAV uiaqj xim ‘sjuajuoa jnuijsajui aqj pnauq sjuara 
-aAoui JBjnpuad pun SupCnAvs pajnpj ^Cjasoja jCjqnqoid aqj pun suoijnjuaui 
-Sas oiraqjjCqj aqj^ ^'zajnAjy oj Suipjoaan ‘jaAvoq qnras aqj ui aanjd aqnj 
jCjiAijan jojora jo sad^Cj uinm oavj, ‘pooj jo uotjdjcosqn pun uoijsaSip jo 
qjOAV {ndiauud aqj sxujojjad auijsajui qnius aqj^ ‘iiinsu ptm mnunCup 

•iCjunas JO juasqn aq qiAv jin 
jnjsip uoijotijjsqo jnuaponp ui snajaqAi. ‘janij jnmjsajui aiijua aqj qStiojqj 
jin paAioqnAVS jo aSnssnd aajj si ajaqj stsouajs oijojicd ui ajouuaqjjti^ 
•s'lsouajs aiJojiCd qjiAi sjuaijnd ui uinuaponp pajnpp ou st ajaqj joj ‘juiod 
jnijuaiajjip junjjodmi un st siqj;, ‘sisouajs lo nisajjn puaponp ui uaas 
sjuauiSas jnuaponp pun qanuiojs pajnjip aqj sn a§inj sn ^jinau jou jnq ‘aSany 
9jn qaiqAi sqontnojs Avoqs j{tAV sisouajs aiiojj^d SuiAnq saiqnq jo uinipaui 
qsnjjuoa n jnoqjiAV suinjSouaSjuaoj jnuimopqn jnqj uoijnAiasqo ^jS^unA 
-ouoQ suiiguoa ajj -janij aqj jo uoijjod jnuiixojd ajoui aqj jo uoijnjnpp 
snoasn3 qjuv 'uoijonjjsqo jo ajis aqj jn jjo jno jin jo UTunjoa aqj Avoqs guv 
uoponjjsqo jnuaponp jnjiuaSuoa SuiAnq saiqnq ujoqAvau jo janjj jnuijsajui 
-oJjsnS aqj jo suinjSouaSjuaoj uinjd jnqj jno pajuiod snq g^uaqoQ 

•snS JO uoijnjnuinoan padnqs-aSnsnns 
n qq.tAv papuajsip juauiSas paSjnjua aqj Aioqs ifnui ‘urnunq jnoqjm ‘sajnjd 
jnuiuiopqn jng sasno qons up jg'sjis aAijoujjsqo aqj oj dn uinunq qjiAV paqg 
^njs pun qg qiAv uinuaponp pajnqp aqj ‘apipad ouajuasaui aqj Xq uotjoujs 
-uoD sn qans bsnna oiuiojnun uiojj Suijjnsaj uoipnijsqo jnuaponp qji^^ 
•uaas Xjajnj sx unSjo jjnpn aqj ui jngnnnj os dna ^ni uaSjuaoq; injnSuniJj 
aqj^ -uoijjod jsig aqj ajquiasaj asaqj uaas uaq^^ pjdni a join oj 

anp pazgnnsiA uiopjas ajn suoijjod pjiqj pun puoaas aqjL ’aqnj jnjuozuoq 
jqSinjjs ssaf jo ajoui n sn paqg sauioaaq uinuaponp aqj jo uoijjod jsig 
aqj ‘satjduia qanuiojs aqj sn ‘iCaunjui up •iiimidfonQ 'aupsajuj n®™S 

»60i‘oro9-i;s’S-i3^y-iA'- ugiajoj ^q .Cgaiqa ‘Ajpajnadaj 
pazisnqduia uaaq snq ssajjstp aiJjsnS jo stuojduuCs jaqjo pun Suijiuioa 
oj asij aAiS una ssaaxa ui icSnqdojan qnqq, 'uauiopqn aqj uodn amssaid 
jnnunui jq3q Suijjaxa junpuajjn aqj ‘sajnuiui Avaj iCiaAa Suiqapq ajqiojoj 
Xq pajnajj aq sjuaijnd qons jnqj papuatuiuooaj si jp -aiddiu aqj uiojj 
qqui JO Aiog aaojs pun ‘ajnjnd jjop <10 ‘dipjnq ‘3uisjnu ajqaaj/nzXjoo ajduiis 
UIOJJ uaAa ‘uoijanjjsqo jnsnu am jrj'uasunpp pun ounqSnpy oj Suipjoaan 
'siqj JOj sasnno uotuuioo jsoui oqx ‘sajiunduiXj pun oqoo ‘SuijitnoA 
oj asiJ aAi§ uno qoiqAV niSnqdoian-jadiCq jo aAissaoxa si ‘uoijijnj3ap Suiinp 
yCqnuiJou sjnooo qaiqAV 'niSnqdojan |nuiJou luoij paqsinSuijsip aq ox 

•osjn auo§ aq guv ajqqnq qn aqj pajnnonAa 
jfpjijua uaaq snq Suipaaj aqj uaq^^ ’juajuGO pinbq aqj jo aSnssnd aqj 
qjtAi ajni jnnba un jn azis ut paanpaj sauiooaq ajqqnq aqj jo azis aqj qn 
gukiJaAO pun Sutpaaj n 'sutnjuoa qonuiojs aqj uaq^^A. '89;™™ g uiqjiAV 
paknd Suiaq q jd ipnui ‘jnoq f uiqjiAv jin jo -ao qOE OOS auijsajui aqj 
ojui ajnnonAa uno qonuiojs i^jdiua s^junjui un jnqj pajjodaj ^^qiaAGg 
•OAvj JO moq jxau aqj joj apis jqSu aqj no uaqj pun Suismu guiAvoqoj moq \ 
jsjg aqj Joj uoijisod jnjajnj jjaj'aqj ui paonjd aq sn§ jnuiuiopqn aAissaoxa 
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ijaaAV X ‘sxubjui ggj JO sui[y ^Cbj uaSxuaoy p;u9s jo siSiCputi ut? tuoj^^ 

■vsjoa 90ia pui? 

]i?uixs3xui pidBJ XST13J ayx pT^^I Saij^xdma ouxsbS pidni xsoui aya yxiAV 
ua/ppya ^x’x’nyx pa^ou sbav x] sjnain xuaiayip ay; yxi^w ’uaas ^j^uanbajj 
SBAV liinaaa ayx o^ui lunaji ayx jo sayoui Avaj xskj ayx jo s^ua^uoa ayx jo 
uotsjndojd uappns v suoixuAJasyo oidoasouaSxuaoi ayx Suijrq ‘SAvopuys 
ayi JO SuiddBjjaAO axqijjapisuoa sbav ajayj pun aAijon ssaj yonni ajaA\ 
sjuauiaAOui jnuixsajaT ayj ‘aAjBA jnaaooaji ayj jo uoiSai ayj payonojcddn 
pooj ayj uayj\-Y 'jaAvoxs sbav juauiaAoni piuAvno jo ajnj ySnoyj ‘ja^uAV pip 
unyj sujaxjnd aAUAv paaunouojd ajoni payoAa 'pooj jo ssnui n yjiAv 

papnojjaAO jnyAvaraos sbav tji uayAV ifjuo aupsajui xxnras ayj ui ajqisiA ajaAV 
saABAV oixinjsijad JoCnra ‘saaunjsui yt; uj •sjnaui ^saj suotjua yjiAv uajpipja 
iCyXjBay xnuijou jp saiaas ynms n uo pajjodaj OAny ^g-p p spxoUi^a■xJ ‘jCanj,\[ 

•sumjSouaSjuaoi jnuijsajui-ojjSBS ayj 
IUO.IJ paJBaddBSip Suidranja ayj auiij auiBS ayj jy -pamBjqo ,^j^xqBi.iBAui„ 
SBAV aAjna .ibSus poojq ayj ui asii |Bra.iou b ‘jiCjoyDaui j?q auixsajui yBuis ayj 
UI pajBjnuiijs SBAV uoijoui SuijuauiSas aAijan uayAV puB ‘yoBuiojs ayj jo 
SiiijCjdnia ui ^lyap piOAB oj ‘aqnj puaponp iCq uaAiS sbav asoanjS ayj uay 
•.^Xyijoui xBuixsajm-ojjSBS ysiSSrys jo xjusaj b sb uoijdjosqB asoanjS aAij 
-aajap oj paquosB a.iaAV sjuaijBd asayx yjJAV jsaj aauBjajoj asoanjS {bjo ayj 
UI pajuaas saAJua .ibSus poofq Avoy; -auixsajui yBuis ayj ui uoijBjBxip puB 
sjuainaAora SuijuauiSas ayj jo Suiavojs pajajunoaua /Cayj (sasna g) snajouBd 
ayx JO sisojqg puB (sjuaijnd Qg) asBasip OBijaa uj ^^-^CjBaj^ajy puB iCujy 
JO aauatiadxa ayj yjiAV joiguoa ut juajxa auios oj ajB sSuipuij aAoqn ayjL 

•pooypjtya ui sajBjs Xauaiogap ]BuoijTJjnu jo sisouBuip ayj 
.loj uoijajua ajqBiia.i b auii; juasajd ayj rjB jou si auijsajui yBuis ayj jo 
aouBJBaddB oiSoiouaSjuaoj ayj jnyj puB ‘ujajjBd jo ad;Cj a^PP^,, 
paSuBya ,jajijuBjut„ ayj yaiyAv jb aSu agiaads ou sbav ajayj jByj papryauoa 
uosjaiy puB Sui[jaAV2 •s^di^J. oavj aAoqB ayj uaaAvjaq ibuoijtsubjj suiajjBd 
pBy dno.i§ ayj jo japuiBuiaj ayx ’sjinpB joj j^uapjog puB f99pioBj,\r jCq 
paqtjosap su.iajjBd ,,;^ou^lagap„ ayj oj .iB[irais jCiaA sbav uiajjBd ,,a]ijuBj 
-ui„" pajjBa-os jajjBj siyx •suoijBjnaaoy aBjuSajj! puB uoijBjuauigas yjuv 
‘sBuijjibui jnsoanui ayj jo uopB.iajyqo Jo SuiuasaBoa pajiqiyxa uajpjiya puB 
sjuBjui ayj JO gg ‘puBy .layjo ayj uq -sisjBjsuad oaijob jo sboab ui jdaaxa 
jaqijBa ui suoijbiaba payjBtu ou puB sSuiyjBui ayj jo uoijBxnaaoy ^japAvod 
iiaAa yjiAV uiBajjs snonupuoa jBjnSaj b ui paAoui umiJBq ayj ‘pjo syjuoui j T 
SBAV jsaBunOi^ ayj uioyAV jo ‘uajppya g asayj yiy\\ ,/Ibuijou jjnpB,, sb 
' pajapisuoa aouBJBaddn ayj pBy ‘iCauaiagap xbuoijijjuu yjiAV ^oq p|0 JBa^^ g 
B Suipujoui ‘g ■ajujxiiu jajBAv-uiniJBq b jo saauno g oj j P s|Baui 

jsaj SuiAvoijoj soBb jjb x'g paAjasqo aaaAv saauBJBaddB ui suoijbijba apij\,\^ 
•uoijipuoa XBUopiJjnu pooB ui j jnq yu ‘SJBai^ jx oj syjuoui g luojj aBB ui 
BiiiBubj sjaaCqns n paipnjs ^ayj^ -uajpiiya puB sjubjui ui auijsajui yBuis 
ayx JO sujajjBd oiBojouaBjuaoj ayj uo pa^joda.! ^-^uosja^ puB BuijjaAv^ 
•juapiAa atuoaaq oj jibj jfayj uajjo xoq ‘spiB aijsouBBip jnjdjay ajB uaas 
uayAV spyoj XBunfaf juauiuio-id aixsijaxaB.iByo ayjQ -saouBaBaddB ^Cbj uaB 
-juau-jj iCq uinaji uiojj uinunfaf ysinBuijstp oj ^CsBa jou si ji pooypjiyo uj 

j-SuyjBjg puB ssyi^Bg jo ^^auixsajui ayj jo avbj,, jo xayaj aijaj 
-uai^uI pa[[Ba-os ayj sb asBjyd jjoys yans kuv ^Cq dn pauiuins aq jaAau jCjqB 
-qojd UBa jaAvoq yBuis ayj yBnojyj spinbi| puB spijos jo ssajSojd jo apoui 
ayx jByx yjoAv :xb suisiuByaaui jBxnasnui puB aiBojoJuau ^Cubui os ajB ajayg, 
•uibSb yoBq paysnd aq jyAV uayj puB aauBjsip jjoys b ^juo oB yiAV ji jnB ayj 
JO pua jBpnBO ayx ojui pajaafui si ja:xBAv uay^\,Y '^soy b ayi] aAissnd puB 
jjaui jou SI 4j ‘jayjouB UByj uoijaajip auo ui .CysBa ajoui yanui jaABjj 
saABAV jByx UI ^/paziABjod,, SI jaAvoq ayj jByj jayjjuj juo sjuiod zajBAjy 
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"SJnoxf f jC:^dui3 araooaq aAtiq .^nai uinajj aq:^ jC^ia^d-c 
- jadAq q^iAv spnpiAipui anios ut qSnoq:^ ‘ia:}aaiqds paaDoap aq:j passed 
aATjq piAv pooj aq; jo tjsom sjnoq g :Cg ^^^'sanoq g sb jCjaBa sb ranaaa 
aq:^ qoBai uinuBq jo sassBoi :^sjq aq:} jBaiu ^sa^ qjioi v q^pw saDUE:)sranojiD 
jBoiJou lapujq 'jaSuoi ap:^q b sdBqjad ‘uaappqa japjo joj :)Bq; SB araBS aq:^ 
:jnoqB si aat:^sa:).iii pBras aq:j qSnojq^ ssajSojd joj ami:^ aq:j s^jnpB joj 

-smoq p poB g 

uaaAi:^aq padnojS ajaAV samp aq; asaq:j jo qg jo j -sjnoq g oq g raojj paSuBj 
ranaaD aqq jaqua oq jBaui jaqBAi. aqBjjns tamjBq b joj paimbai araiq aqq 
i^uosjapuajj ‘squBjat ujoqAiau gg no jCpnqs pAioq pBras b uj 

■suoTjBuiraBxa qgg jo 

qno ui auiqsaqui pBUis aqq m iCpBajjB pooj araos paAioqs pam raniJBq 
aqq jo uoiqa|dtnoD jaqjB ^[ajBipararai uaqBj stnjq aqq sasBO jo saijas siqq 
"P^119 jCpBnsn sbav qt sjnoq q ‘Suipaaj jaqjB sjnoq g Saipq 
piqjBd paAvoqs uaqjo ranaaa aqq jBqq paqon p raBqSaiuunQ ‘Sojsnog 
[Bara ranxjBq-qpra b SttiAiaaaj aSB jo sqqiioui g japim squBjm qjijVV 

•uaqBj 

Sutaq jaqjB sjnoq g oq |q ut ranaaa jo ranap prarajap aqq paqoBai piiaqura 
aqq ajnqxtm jajBAi-mnTJBq b jo saauno g oj j paAiaaaj oqAi a3B jo sjBaX jj 
oj sqjuora g uajpjpa n jjppospjj puB SuqjoAi^ ‘Sjnoq g oj dn 

5[ooj a§BSSBd aqj saauBjsui Aiaj b ui jnq ‘sjnoq ^ oj g ui jfjdma if[aja[draoa 
ajaAV saupsajui [pras aqj apj b sy ‘sajoupu gg jCq pauipno sbav jt ‘f pa§B 
‘Pn^^ I W.^'^ q3noqj ‘sjnoq g oj j «I Avoqs o; UB§aq ranaaa aqj, ‘-sjnoq z 
a§BjaAB 'sjnoq g oj q raojj paSuBi arap SuiXqdraa qaBiuoqs aqj -sjBaiC fi 
oq q paSB uajppqa gg oq raniJBq Surapquoa aanBsa[ddB paj j^raiaqqang 

•uajp[iqa pjaAas jfq paqiqjqxa ajaAv sqsaq g aqq oq sa'suodsaj ui 
saouajagip apiAv ‘sjnoq p oq q raojj sbav aSuBJ aqq ‘para qqira aqq qqiAV jaqBj 
sqquora gq paqnadaj sbav qsaq atuBS aqq uaqj^ 'Sjnoq g’p oq g ‘ranuBq 
puB 3[[tra qqiAV Isinoq g oq gp raojj paSuBJ araiq aqq para umtjBq-jaqBAV b 
qqi^ •ranaji raojj ranunCaC SuiqsinSuxqsip JOj Btjaqua Jiaqq SutAtS qnoqqiAv 
qSnoqq ‘sjBaif gq oq g pa§B uajppqa puijou i jCq paqiqiqxa „arap SutjCqdma 
punCai,, pauijaq sbav qnqAV ui suopBiJBA aqq uo paqjodaj ^g-p p ^aBj\[ 

•jadBd siqq ui ajaqAvasp passnosip sqjodaj 
aqq raojj Bqup SuiztJBUirans squaraaquqs qjoqs jo saijas b si SutAVojpj 
•uaum] pupsaqui aqq oqui squaquoa pooj jo aSjBqasip quaqqtuijaqut aqq uiojj 
S uppsaj SAVopBqs jo ajnqxira SuiddupaAO aqq Supaidjaqra ut sb— oidoq 
stqq oq ppd uaaq qou j?puanbajj sBq uopuaqqB agioads qSnoqq— qsajaqui 
JO qoBj ut.qanra os qou sat[ iCqpaiptp qBajS aqj -sqjodaj paqsijqnd aqq 
UIOJJ uoiqsanb stqq oq sjaAvsuB qoBjqxa oq /CsBa qou st qj ^ranaaa oq sojOfyCd 
UIOJJ ‘auiqsaqui [puts aqq qSnojqq ssBd oq pooj joj aquq qi saop §ho[ avojj 

•auiqsaqui [puis pqsip aqq ui uopBquaraSas ^q pajnasqo 
uaqjo SBAV ranap pupdiaq aqx •ua3[Bq uaaq SBq para aqq jaqjB SJnoq g oq g 
ut ninaaa aqq paqoBai para aqq jo pnaq aqx ’passajSojd uopBUiuiBxa aqq 
SB pasBOjaui jCjpnsn uopBquaragas puB ‘paquaraSas auiBaaq ^aqq sjuoq p 
oq g Jsqjv" 'Sdooi pailPipA'- snonupuoa sb paiBaddB pa[pj qsjg uaqAv 
ranap puB ranunCaC aqq ^‘uosjapuaji oq SuipjoaaB ‘ujoq ^[Avau aqq uj 
"Sjnoq g sb 3no[ sb joj uinaji aqq ut paupraaj Xpuanbajj ^aqx puBjpBnbqjaj 
JO qqStJ jaAVOj aqq ut sassBui ui padnojS jo ‘jaqqo qoBa uiojj paqBjosi ssaj 
jo ajoui saApsuiaqq paSuBUB sapqojS aqq ranap aqq uj •ranap aqq ut 
sassBui qna ^CpBap ajora oq qsBiq'uoa ut Azznj aiaAV sapqo[3 paqBJBdas aqq 
A:nBuoiSBoao -ootj snonupuoa uiqq b sb sauip jaqqo puB ranuBq jo sassBtu 
paqBiosi Tpras sb brapauios pajBaddB qi ‘pBaqsuj -acKq qppB aqq jo aauB 
-jBaddB jfiaqqBaj,, aqq quasajd qou pip ranunCaf aqq ‘uaas uaq^^ -raniJBq 
qqiAV pazjpnsiA A:[ajBJ ranunfaC aqq paqjodaj p Sojsnog ‘sqquora g oq 
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ja^BAV aq; aAjasuoD o; si aojoa jo suoi^aunj uiuni ai^:; jo auQ -aDiijd 
sa^tj; sanptsai pooj Avau puB pjo jo Suixiui ajaipw xunaaa aq:} o^ui ja;outqds 
jBoaaoaji aq:^ qSnoiq; SuiAvop ifpuB:^suo^ ajB sanpisaa pooj 'uopo 

•SAVopBqs sb3 

|BUi?sa;ui JO qiOAVjau Suunasqo aqj uinuiiuim b o; jtid oj japjo ui ‘sjnoq 
Zl uauiopqB aqj uodn iCqdBiSojn snouaABjjui joj 

pajnpaqos uajppqa aoBjd soiuqa jCubj^t -aSB jBqj jb op oj uiSaq satqsq jBqj 
paq m jnoqB Siiq^oi snoauBjuods aqj oj aSB jo sqjuoni g jnoqB jb asBaa o; 
oqoo aqjUBjur jo j^auapuaj aqj paquasB Aioug -uoijisod auidns A'jBoiojsna 
ajora aqj ui uBqj aaqjBi apis jqSii aqj uo jo auojd Suii^j Jo jauissBq pauipui 
-inias B III jdaq oJaAi saiqBq ji Xbavb JBaja pjnoAv sb3 jo suoijBjnranaaB 
a"8iB{ :jBqj punoj ajj 'jCoubjui ui sb 3 jBuijsajui jo saauBJBaddB ^bj uaS 
-juaoy; aqj ui jojobj b sb uoijisod jo aauBjioduii aqj pajuSijsaAUi ee^voug 

•jnoq I uiqjiAV jib 

qjiAV papuajsjp auioaaq ubo ^objj jBuijsajui-ojjsBS jjnpB ajijua aqj^ -saju 
-ui’ui 01 UI q8noiqj j^bav aqj qu ssud ubd auijsajui qBuis jjnpB aqj ojui suoij 
-ipuoD iBjuauiijadxa japun paonpoijui jib jBqj jjunoj pBq ggUossnuSBj^ 

•pajBjajaaaB sbav aiuij aSBSSBd aqj jCjsnoauBjuods :jnoqB 
paAoui JO pajpuBq ajaAV saiquq uaqAv jBq^ pajou ijaAog -jjas^i '[Bam aqj joj 
uBqj yCjipidBJ jajBaj8 qjiAi qSnoqj ‘/[Aiojs ajora aoujd qooj aupsajui [[buis 
aqj qSn’ojqj jisubj; sji [Bara JB|n3aj b jajjB sjuoq g uiqjiAv qaBUiojs aqj 
ojut paanpojjui sbav jib uaqy\^ -a^BSSud [Bujjsajui [[bius joj araij jisubjj 
aqj SB SJnoq f [ oj | suiBjqo auo ‘qoBinojs aqj raojj uoijBUDBAa joj jnoq | 
SuijonpaQ -sjnoq g oj j ui qSnojqj ^Cbav aqj jjb passBd qaBuiojs aqj ojui 
paanpojjut jib ‘^jdraa sbav auijsajui [[Buis aqj uaqj^\ -jCbj uaSjuaoy; Xq 
jOBjj [Buij’sajui-ojjSBS aqj qSnojqj a'SBSSBd sji paAvoqoj puB ‘aqnj qoBuiojs 
kq sjuBjui JO qoBuiojs aqj ojui jib jo -oo qoC 005 ps^Joj ,o,ijaAog 
og'jCouaiogap [Buoijijjnu Jo uoijonjjsqo ‘snap jo aouasajd aqj joadsns jsnra 
auo ‘suotjBjnranooB sbS suibjuod auijsajui [[buis jjnpB aqj uaq^\^\ ’Pim^ 
aqj jo jBqj saop uBqj asdupOa jo uoijoBjjuoa aja|draoa ajora jo ajBjs b ui 
S:Cbjs aAijOBUi uaqAV puB iCjiaiuoj jajBajS sassassod [OAvoq [[buis j[npB aqj jo 
[[BAv aqj jBqj saranssB auQ ’api ^inpB ui auijsajui [[buis aqj ui pazijBusiA 
aq jouuBO sb8 iC[jBrajou jBqj sjsiSo|oua8juaoj Suoiub UAvouq [jaAV si jj 

•iCjjaBxa paujjsuoa aq oj Jiuiij aSu 
jaddn pajBjs siqj joj [[buis ooj sbav oSb jo sjbo/C f joao ajaAV oqAV paipnjs 
uajppqa jo jaqranu aqj ‘jaAaAvojj qaAvoq [[buis aqj ui pazijBusiA sbav sb8 ou 
‘sjjnpB qjiAV SB ‘sjBa^ i Jajjy qaAvoq jjbuis aqj ui ssaj puB ssaj qjiAV uojoa 
aqj UI passBUi ajaAV suoijBjnuinaoB aSjBj i^|aAijB[aj sjBa^C g oj sqjuora gj 
raojj ’aSB JO sqjuora gj oj dn uojoa aqj puB jaAvoq [[bius aqj uaaAVjaq 
j<!j[Bnba juoqB pajnqiJjsip punoj sbav SBf) -qjAvojS qjiAV aSuBqa [OAvoq 
lIBUis aqj ui JIB JO sujajjBd Avoq auiuijajap oj 93b jo sjBa^C qT dn pouad 
[BjBuoau aqj raojj uajp[iqo [buijou g^ jo suiBjSouaSjuaoj qooj ^gBSsaiq 
puB auiBj -jaBJj [Buijsajui aqj ojui qSnojqj passBd si japuiBuiaj aqj 
puB ‘uoijBjanja jCq pajButrai[a si SuijBa Suijnp qoBiuojs aqj ui sajB|nranooB 
qaiqAv jib aqj jo araos jaijJBa paqijosap s-y^ ■9U'ifS3}uj ipiug oiif xn svf) 

•[BiujouqB suoijBAjasqo [[b sjapuaj 
mniJBq jo aauasajd aqj sb qanrasBui ‘sjBara SuiuiBjuoa-ranuBq jo aSBSsBd jo 
sajBJ ui suostjBdraoa uiojj suoisnjauoa SuiAVBjp ui pasn aq jsnra uoijnBa 
‘jC[juani)asuo3 c'sauijsajui aSjBj puB [jbuis aqj ui qjoq aaBjd aqBj oj pajBJjs 
-uoraap uaaq sBq jaajja siqj^ ‘aSBSSBd jo ajBJ aqj sajBJajaaoB [Bara jsaj 
B qjiAV paxira uaqAv ajBj[ns raniJBq jBqj jaqraaraaj p[noqs japBaj aqj^ 

•sjnoq Ig puo^aq oj sjnoq g UBqj ssa[ uiojj 
paSuBj SuiiCjdraa [Ba[i ! sjnoq f UBqj ajora oj sjnoq g UBqj ssa[ uiojj puajds 
OJ Sui[[g [Boaa jo jasuo punoj gjpiABQ; Suipaaj mniJBq-jajBAV b uoaiS sjaaC 
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sjnon f-x JR nSnoi{j ‘sjitoij jv. jijSijs .Cj 3 a srav duS aq j sasRO jiaq j jo j uj 
papaau uoijRjado jo ad.Cj aqj oj sr paptnS aq puR jaAvoq jo juauiSas raij 
'•'’ spp 8qj JO qjSuaj aqj oj sr uoijriujojui ajqRnjRAUi aAiaaaa piAV uoaSans 
aqj jaqjRui jRujajxa aqj puR jaAvoq aqj uaaAvjaq aauRjsip aqj Sinjou 4 ^g 
uoijanjjsqo jRjraaSuoa aqj jo ajts aqj jt; jaAvoq jo dooj jRJstp aqj auqjno 
IjiAv ajqqnq srS aqj^ -poj anbRdo-oipRj v. qjiAV paqjRui ajduiip {Rur aqj 
puR ajnjsod pajjaAut aqj xii pjaq jurjui aqj xjjiav uauiopqR aqj jo rajq iCRJ 
up juao^j jRp R Siip[Rj ^Cq RisajjR pjaai uiojj paqsinSuijsip aq uro ii.ioq 
-Avau aqj ui snuR ajRJojjadun jRqj paaaAoasip ^,i9aixi puR uaajsuaSuRj^Y 

^g-umjjRdjsod sjnoq jr jsjq aqj uiqjiAv 
■iiR JO suoijRjnranoDR juRoyurSts uiRjuoa ifRtu ranjaai oj qoRraojs mojj 
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